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1 Executive Summary

The main objective of this report is to layout a broad overview of the latest understanding of
climate and climate change and its connection with urban air quality. It critically reviews recent
research studies that are not yet being used in practical applications and that are critical for later
implementation of Passive Control Systems (PCSs) within the iISCAPE project. The Introduction
is devoted to review the broad motivation for reducing air pollutant concentration in cities; it also
deals with the potential benefits of using climate change information for city planning, a topic that
is at the core of the iISCAPE project. The report is organized in two main parts, described as

follows.

1. Climate and climate change in European cities

1.1

1.2.

Description of climate change modelling approach. The study is performed starting from
the regional to the urban scale. Issues to be kept in mind when monitoring the impacts
of global climate change on urban and smaller scales are data quality and homogeneity;
climate conditions in cities may not be captured by weather stations, as these are
typically located in open vegetated land (rural or natural landscapes). Moreover,
uncertainty is always involved in climates change projections. For simulations of future
climate, climate model experiments are run under assumptions about the future
evolution of atmospheric composition, land use change and other driving forces of the
climate system. Global and regional climate models, typically having a grid size of tens
of kilometres or larger, poorly resolve the urban land surface. The geographical pattern
of the simulated climate response may be downscaled using various methods. Several
physical-based surface models can simulate air-surface interactions at a horizontal
scale of about 100 metres. However, many urban parameterizations still follow highly
simplified approaches. The Town Energy Balance (TEB) model (Masson, 2000;
Lemonsu et al.,, 2004), included in the surface interaction model SURFEX, is an
example of a model capable of clearly separating buildings, air within urban canyons,
roads, and, if present, trees, gardens etc.

Setting of the role of physical variables in current climate and change. The focus is to
set the basis for subsequent studies within iISCAPE. The role of the physical variables
that can be extracted from future climate change scenarios at urban scale is discussed.
These variables are those that are relevant for establishing the link between climate
change and air quality i.e. temperature, wind speed, pressure and solar radiation, and
these variables have to be used to evaluate the efficacy of PCSs in future scenarios.
This is also one of the main aims of iISCAPE. The main results from this sections are:

1.2.1. the observed annual-averaged pan-European temperature trend of 0.179°C per

decade since 1960.

1.2.2. the average impact of urbanization on that trend is 0.0026°C per decade since
1960. The effect is strongest in spring and summer.

1.2.3. Among the iSCAPE cities, the projected summertime warming is largest for
Bologna and smallest in Dublin. In winter, and also in spring and autumn, the most
pronounced increases in temperature are likely to take place in Vantaa.

1.2.4. Precipitation is generally projected to increase in winter and decrease in summer.
However, the sign of the change is uncertain in Bologna in winter and in Vantaa in
summer.

1.2.5. Incident solar radiation and diurnal temperature range are projected increase in
most of Europe in spring, summer and autumn.
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1.2.6. The observed reduction in the mean annual solar radiation in southern Finland
over the period from 1958 to 1992 was mainly attributed to a pronounced increase
in cloudiness, with only a minor contribution from the direct effects of the relatively
large aerosol load at that time.

1.2.7. Wintertime sea level air pressure is projected to decrease in Vantaa and increase
elsewhere. In Dublin and Guildford, the projected trend is positive in all seasons
and in Belgium and Germany in all seasons except for the summer simulations.

2. Air quality and climate change interaction in European cities

2.1.

2.2

Focus on the mean state of pollutants in the target cities. This part magnifies the focus
on the mean state of the main pollutants (NO,, PM;, and PM,s) as well as Oz that is
relevant for climate change for the iISCAPE target cities. Given that, the scope is to
identify the preferential conditions for PCSs deployment in each target city and provide
state of art knowledge for subsequent work packages (WPs). Specifically, we find that
pollutant concentrations have different impacts due to meteorological, geographical and
structural features of the single city, but also as a result of local air quality policies. In
general traffic-induced emissions (NO, and PMgj,) have an influence on total
concentration at street level, but not at urban scale. Residential heating systems also
contribute again at street level, but its signal is weaker. Two pollutants, NO, and PMy,
have a dependence on emissions at the street scale, while PM, s is more homogeneous
in the urban environment. Concerning the risks on human heath connected to exposure
to high level of PM,s has led to a decrease and an adjustment of concentrations at
WHO suggested level for human health which is stricter than the European limit. Only
Bologna, among the target cities requires to improve its efforts to mitigate the PM,s
concentrations. Ozone concentrations is quite homogeneous at the city scale. In rural
areas ozone concentrations sensibly grow, supported by favourable conditions.

. Assessments on pollutants linkages with climate change. Really few studies have been

performed on the relationship between air quality and climate change, especially at
small scales. It easier to find studies concerning air quality linked with the urbanization
growth (with some problems of inhomogeneity between different nations due to different
necessity and city types). At European scale, the climatological variables that mostly
affect air quality are: surface temperature, precipitation and sea level pressure.
Temperature scenarios, coupled with precipitation pattern projection, facilitate an
increase in pollutants such as ozone due to increased biogenic emissions and
photochemical rates and reduced wet removal. Changes in meteorological variables can
modify global sea level pressure patterns, with consequences on local circulations and
distribution of air masses. In the end, climate change induced by enhanced pollutant
emissions will in turn increase pollutant concentration. So, a positive feedback is
established, leading to an intensification of climate changes in those regions highly
affected by pollution. It is important to underline that these connections between climate
and pollutants concern the larger scales (global, or at least European). Specific studies
at local scale have to be provide to achieve a better understanding on the future livability
of our cities.
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2 Introduction

At the core of the ISCAPE project there is an awareness of the consequences of increasing
global urbanization and the inherent challenges due to climate change on air quality.

Oceania I
Morth America |
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Latin America E
and the Caribbean :
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Figure 1: Urban population comparison between 1995 and 2015 (adapted from UN-Habitat, 2016).

Since the beginning of the industrial revolution, the percentage of the world’s population settling
in urban areas has been increasing, and this trend is expected to continue. In 1990, 43 % (2.3
billion) of the world’s population lived in urban areas; by 2015, this has grown to 54 % (4.0
billion). Following the growth rate, 60 % (4.9 billion) of the world’s population is expected to live
in cities by 2030. This increase in urban population has not been evenly spread throughout the
world. Asia has the highest number of people living in urban areas, followed by Europe, Africa
and Latin America. Nevertheless, urban annual growth rates have been much faster in some
regions than others (Figure 1). The highest growth rate between 1995 and 2015 was in the least
developed regions with Africa being the most rapidly urbanizing; it shows a rate of 3.44 %,
almost 11 times more rapid than that in Europe (0.31 %). As the urban population increases, the
land area occupied by cities has increased at an even higher rate. The process of urbanization
is particularly leading to an increase of large cities (5 to 10 million inhabitants) and megacities
(more than 10 million inhabitants). Most megacities are in developing countries and this trend is
set to continue as several large cities in Asia, Latin America and Africa are projected to become
megacities by 2030 (UN-Habitat, 2016).

Despite economic growth and improvement of basic facilities, cities suffer from negative
consequences of urbanization, such as environmental and air quality degradation, as well as
respiratory problems. People living in large urban areas are routinely exposed to concentrations
of airborne pollutants that epidemiological statistics claim they might cause negative health
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effects in both the short and long term (Ericson et al., 2008). As urbanization, global population,
and economic development increase, not only short-range but also long-range transport of
pollution becomes an increasingly important factor for cities since air flow transports pollutants
from upwind areas contributing to local air quality together with locally-emitted pollutants (Parrish
and Stockwell, 2015). Transportation, industry and power generation are the main sources
contributing to outdoor air pollution (Hilbert and Palmer, 2014). Most of the cities worldwide are
facing levels of air pollutants exceeding regulatory limits (see Appendix A), with repercussions
on inhabitants’ health (Kumar et al., 2015). Traffic-induced emissions, such as respirable
particulate matter, nitrogen dioxide, carbon monoxide and hydrocarbons, largely affect urban
inhabitants, especially the population residing in close vicinity of roadways and streets as well as
the pedestrians (Ahmad et al., 2005).

Air is composed of a variety of gaseous pollutants and particulate matter, those can be classified
into primary and secondary. Primary pollutants are those directly emitted into the atmosphere by
human activities (vehicle engines, industrial production etc.) and by natural processes
(windblown dust, volcanic activity, etc.). Secondary pollutants are formed within the atmosphere
when primary pollutants react with sunlight, oxygen, water and other chemical compounds
present in the air. As for public health, major pollutants are particulate matter (PM), tropospheric
ozone (O3) and nitrogen dioxide (NO;). NO; is produced by the combustion of fossil fuels and
contribute to photochemical smog, as well as to acid rain. Oz is a major component of
photochemical smog, an air pollution phenomenon that forms when primary pollutants like NO,
and carbon monoxide (CO) react with sunlight to form a variety of secondary pollutants. PM is
mainly attributed to the combustion of fossil fuels, especially coal and diesel fuel, and is
composed of tiny particles of solids and liquids including ash, carbon soot, mineral salts and
oxides, heavy metals such as lead, and other organic compounds. PM includes particles from a
few nanometres (10° metres) to several tenths of a micron (10° metres) in size. In general, the
smaller the size of the particles, the greater the expected effect on human health (Heal et al.,
2012).

Figure 2 shows pollutants which are transported to the city or which are locally emitted and
dispersed at different horizontal local scales: street (of order 10-100 m), neighbourhood (0.1-1.0
km) and city (10-20 km) (Britter and Hanna, 2003). Their final spatial distribution is determined
by several factors, such as the meteorology and the morphological characteristics of the city, as
well as the population density and the type, nature and spatial location of sources. In general,
the processes controlling the pollution phenomenon act at a range of spatial and temporal
scales spanning the depth of the whole Urban Boundary Layer (UBL). Important parameters for
dispersion around buildings are: building geometry and morphology (in terms of building
arrangements and packing density), wind speed, wind direction, turbulence, atmospheric
stability, temperature, humidity and solar radiation (Blocken et al., 2013), together with the
presence of obstacles such as trees, low barriers and parked cars (Gallagher et al., 2015).
Therefore, locally-induced wind fields consist of complex flow features such as recirculation
zones and stagnation points which in turn strongly govern the dispersion of pollutants (Lateb,
2016).
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Vehicle wake (0 - 20m)
e Flow is more turbulent in NW region compared with MW region
o TPT is intense in NW and dominate the mixing
o Atmospheric turbulence (WPT and TCT) lead the further mixing in
MW region

Street scale (10m - 100m)

Flow features and mixing determined by surface roughness below
building height

Internal mixing layers below or above the buildings are of order of building
or street dimensions

TPT dominate the mixing over the WPT during calm wind conditions

TCT may play role in mixing during hot sunny weather and light winds

Neighbourhood scale (100m - 1km)

e Flow and mixing above and between buildings is determined by the
turbulence generated by interaction of flows from adjacent canyons,
surface and wall roughness, WPT, TPT and TCT

e A growing internal layer of flow can be seen above buildings

o Average geometrical features dominate mean flow and mixing

o f o oo - f)-
gtg'g ggg ! gg e Flow and mixing over buildings is relatively less complex than within the

city due to orographic (1.e. surface roughness elements) effects

Mixing below the building heights in the ABL is dominated by surface
roughness and the TPT; the atmospheric turbulence (i.e. WPT and TCT)
plays a key role in flows over urban canopy

City scale (10km - 20km)

Figure 2: Description of the key flow and mixing features at urban scales. NW: near wake; MW: main/far wake; WPT:
wind produced turbulence; TPT: traffic produced turbulence; TCT: thermally produced turbulence (by difference
between air and urban surface). (Kumar et al., 2011).

Studies around the world are investigating the two ways of correlating air quality and climate
change. The mass, size and chemical composition of anthropogenic aerosols affects cloud
microphysics, and can have a global impact on the radiation budget of the atmosphere; this is
indeed one of the major sources of uncertainties in global climate models (IPCC, 2013). On the
other hand, climate change can affect air quality in many ways: warmer temperatures for
instance enhance biogenic emissions; changes in atmospheric wind and turbulence can alter the
way in which pollutant are dispersed, transported, and removed from the atmosphere.

Although both air quality and climate change arise from anthropogenic emissions, policies to
reduce emissions are not guaranteed to be beneficial for both. One of the most debated fields of
intervention is the use of biomass in energy production: while the use of biomass can be
considered carbon-neutral (although the subject is somehow controversial, as referred in
Berndes et al., 2016), it surely has a negative impact on air quality, due to the large quantity of
PM, volatile organic compounds (VOCs) and Polycyclic Aromatic Hydrocarbons (PAHS)
produced in the process. Diesel engines are more efficient, and therefore produce less CO, per
km than gasoline engines, but they also produce a larger quantity of pollutants such as nitrogen
oxides (NO,). Under certain conditions that frequently occur in urban areas, a reduction of NO,
concentrations increase ozone levels. The photodissociation of the NO, is the main mechanism
to produce the molecular oxygen in troposphere:

NO, + hv (A < 420nm) - NO + O
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The molecular oxygen reacts with the oxygen (O,), throughout a catalyst M (an element of a
compound that favour the reaction but it is not modify by the reaction itself):

O+ 0,+M - 03+ M
However, the ozone reacts quite immediately with the nitric oxide, product of the first reaction:
0; + NO - NO, + 0,

These three reactions form a cycle of production-destruction for the tropospheric ozone, which is
really fast and continuous during the day. In condition of small ventilation and small mixing, the
concentrations of ozone are controlled by this cycle. During night, these reactions can’t happen
since solar energy is involved and the presence of the NO; triggers a new cycle for the
destruction of the tropospheric ozone.

In recent years, a whole field of research has been started, to select which policies have the
best chance to reduce both climate change and air pollution. Tools that can perform an
“integrated assessment” of the two problems have been developed, with the aim to select the
most cost-effective policies to tackle both air quality and climate change in a win-win approach.

In this report, we first give an overview of current understanding on current climate based on
observations and its expected change in EU cities based on most updated numerical models;
then we will focus on giving a snapshot of what is the level of AQ at EU level and specifically in
the iISCAPE target cities.
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3 Climate change in EU cities

Among city planners, inhabitants, and local politicians, there is still a lack of detailed
understanding of how to use climate change projections in city planning. This might be partly
due by the fact that climate change impacts occur at various urban surroundings and are
strongly influenced by the individual urban properties (namely land-use and land-cover)
(KLIMAKS TechReport, 2012). Additionally, urban development does not occur everywhere in a
city simultaneously. Furthermore, the urban growth and development differ from region to region
and from country to country (Mills et al. 2010).

Assessments of ongoing climate change — its strength, speed and signal-to-noise ratio — in
European cities are based on both observations and model simulations. According to
Chrysanthou et al. (2014), the average impact of urbanization on the observed annual-averaged
pan-European temperature trend of 0.1790 °C per decade is 0.0026 °C per decade since 1960.
The effect is strongest in spring and summer. In a pan-European sense, urban areas tend to
warm faster than the rural areas in spring and cool down more rapidly in autumn.

In subsection 3.1, we first briefly address the challenge of gaining reliable time-series of past
climate. We then move on to reviewing state-of-the-art assessments of future climate change at
regional scale (Sec. 3.1.1) and urban scale (Sec. 3.1.2). Development of synthetic weather data
for a future urban climate is considered in Sec. 3.1.3.

While one dimension in the uncertainties of future climate and its impacts is associated with
divergent trajectories of atmospheric composition, land use change and radiative forcing of the
climate system, the other dimension is related to social and economic development.

Subsection 3.2 provides five different storylines of global social and economic development and
discusses the work towards local interpretations of these storylines.

An overview of the observed past and projections for future climate change in the iISCAPE study
regions is given in subsection 3.3, In addition to temperature and precipitation, solar radiation,
wind speed and air pressure are considered. Differences in projected climate changes between
the regions of the iISCAPE cities are highlighted.

Finally, as a typical example of a green infrastructure (the one that is easier to address within
climate change models) i.e. the roles of green roofs in mitigation of and adaptation to climate
change are briefly discussed. Several design options for green infrastructure are contemplated
within iISCAPE — and these options being assessed is one of the key outputs of iISCAPE.
Therefore, the green roof example is reported here as a typical current study.

3.1 Assessment of climate change from regional to
urban scales

Many studies are being conducted to homogenize and analyse long-term time series of weather
observations from meteorological stations (e.g., Tuomenvirta, 2001; Maugeri et al. 2004; Brunetti
et al 2004, 2006; Domonkos and Coll, 2016; Manara et al. 2016; Noone et al. 2016).
Furthermore, a multitude of gridded data sets has been constructed using these observations
together with geostatistical methods (e.g., Haylock et al. 2008; Tietavadinen et al. 2010; Antolini
et al. 2016; Aalto et al. 2016). As an example, Beniston (2015) has used homogenous weather
station data available from the European Climate Assessment and Data archive (ECA&D; Klein
Tank et al. 2002) to study temperatures at 30 sites across Europe (including Dublin, Berlin and
Rome, among others) since the early 1950s. He selected only homogeneous data to ensure
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greater robustness in the extreme tails of the temperature PDFs, that are sensitive to the quality
of observational data. He found a clear trend of warming of about 1°C over the last three
decades (Figure 3), and a sharp increase in the ratio of record high and record low temperatures
during the most recent year.
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Figure 3: Mean temperature anomalies of 30 European sites (dashed line) and of the Northern Hemisphere (solid
line), given as 5-year running means and computed based on the 1961-1990 baseline. For the locations of the
measurement sites, see the inner map. From Beniston (2015).

In monitoring the impacts of global climate change on urban and smaller scales, data quality and
homogeneity is not the only concern. A challenge is also presented by the fact that observed
long-term weather data often do not represent climate conditions in cities. Weather stations are
typically located in open vegetated land (rural or natural landscapes), whereas the actual climate
conditions in cities are affected by urban morphology and design as well as by the materials in
built structures. These are typically different in each region and country reflecting respective
history, culture and typical climatic conditions. In addition to the complication of climate change
detection based on these observations, this is also an issue from the viewpoint of validation and
verification of physically-based numerical simulations of urban-scale climate.

The atmosphere continually interacts with the Earth’s surface, including urban, rural and natural
landscapes. These interactions take place via sensible and latent heat fluxes, and fluxes of
momentum, but also, fluxes of carbon dioxide (CO,), water vapour and other chemical species,
continental aerosols, sea salt and snow patrticles, among others. Since these fluxes depend on
the underlying surface, atmospheric numerical models need to treat different surface types, such
as ocean, inland water bodies, vegetated land, and the built environment.

In the following subsections, we will give a concise introduction to climate modelling and
development of climate projections at various scales. State-of-art methods to address the
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heterogeneity of the surface in calculations of the surface fluxes will be discussed. Moreover, to
give background information for subsection 3.3, essential recent and on-going climate modelling
projects as well as up-to-date scenarios for CO,, other greenhouse gases (GHGs) and aerosols
are also briefly considered.

3.1.1 Climate simulations at regional scale

The basis for constructing climate change projections for Europe and its cities is given by the
international development, since the 1970s, of global climate models (GCMSs), also referred to as
general circulation models, or more recently Earth System Models. The climate projections
currently used in various applications are typically based on processing of output from GCMs
that participated in the two latest phases of the Coupled Model Intercomparison Project, CMIP3
(Meehl et al. 2007) and CMIP5 (Taylor et al. 2012). The next phase, CMIPS6, is in a preparation
stage (Eyring et al. 2016).

For simulations of future climate, climate model experiments need assumptions about the future
evolution of atmospheric composition, land use change and other driving forces of the climate
system. The CMIP3 global climate models were run under the SRES (Special Report on
Emissions Scenarios) and the CMIP5 models under the RCPs (Representative Concentration
Pathways) scenarios for greenhouse gases (GHGs) and aerosols. The latter include RCP2.6,
RCP4.5, RCP6.0 and RCP8.5, while the most widely used SRES scenarios turned out to be A2,
Al1B and B1. Future emissions and atmospheric abundances of CO, under the previously-used
SRES and the current RCP scenarios are shown in Figure 4. For the near future decades, the
different concentration scenarios for CO, almost coincide but start diverging after about the
2050s. The CO, concentrations under RCP8.5 distinctly surpass those under A2, A1B and
RCP6.0, whereas RCP4.5 and B1 describe very similar trajectories.
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Figure 4: Temporal evolution of the global emissions (left: PgC/yr.) and atmospheric abundance (right: parts per
million in volume) of carbon dioxide in 2000—2100 according to four RCP scenarios (solid curves) and three SRES
scenarios (dotted curves); see the legend. Observed concentrations for years 1980-2015 are depicted as well. The
curves for the RCP and SRES scenarios are based on IPCC (2013) and IPCC (2001), respectively. Past total
emissions from fossil fuel combustion, cement production and land-use change are available from Global Carbon
Budget (Le Quéré et al., 2016) and the observed abundance data are available for download from NOAA/ESRL. For
abundances of other well-mixed GHGs and aerosols, see Annex Il of IPCC (2013).
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The spatial resolution of output from GCM simulations nowadays is typically as a 150 km grid or
coarser. The geographical pattern of the simulated climate response may be downscaled
spatially by using regional climate models (RCMs), various statistical/lempirical methods or
combinations of both. These approaches aim to bridge the gap between climate models and the
resolution required by end users.

In dynamical downscaling by means of RCMs, time-dependent information about meteorological
conditions in the boundaries of the domain of a RCM is taken from the GCM being downscaled
(for more details, see Rummukainen, 2016; Giorgi and Gutowski, 2016). European activities to
coordinate RCM experiments include the PRUDENCE project in 2001-2004 (Christensen et al.
2002, 2007), the ENSEMBLES project in 2005-2009 (van der Linden and Mitchell 2009) and the
EURO-CORDEX initiative since 2011 (Jacob et al. 2013; Kotlarski et al. 2014). The horizontal
grid size of the RCMs involved was about 50 km in PRUDENCE, 25 km in ENSEMBLES and 12
km in EURO-CORDEX (or coarser).

In statistical downscaling of GCM or RCM output, observations of local-scale weather are
utilized (Maraun et al., 2010). Classical approaches involve establishing statistical relationships
between observed large-scale and small-scale climate variables. It is assumed that the relation
holds also in the future climate and that the large-scale variables (e.g., air pressure, geopotential
height, temperature, humidity) in the future can be plausibly simulated by climate models
(Tomozeiu et al., 2007, 2014; Gharbia et al.,, 2016). In another category of downscaling
methods, gridded climate model output is statistically corrected and downscaled to point scales
(e.g., Raisanen and Raty, 2013; Gharbia et al., 2016). Thirdly, weather generators may also be
used to statistically downscale climate model output (Tham et al., 2011; Eames et al., 2011;
Jones and Thornton, 2013). Systematic comparisons between various downscaling approaches
have been conducted in the COST Action VALUE (Maraun et al., 2015).

Uncertainties in climates change projections arise from the future evolution of emissions, internal
climate variability and a variety of aspects in modelling the climate system and its interactions at
different spatial and temporal scales (e.g., Knutti, 2008). Being forced by the SRES or the RCP
scenarios, the climate model simulations do not include economic crisis, so they doesn’t account
for their uncertainties. Some uncertainty is also involved in downscaling of climate model output.
Because the performance in representing the observed climate is typically better for a multi-
model mean than for any individual model, it is advisable to consider simulations performed with
many models. The level of agreement between the models suggests which changes are more
certain than others.

It may be mentioned that a difficulty from the viewpoint of assessing climate change impacts on
air quality is the fact that Chemistry Transport Models (CTM) require meteorological data in three
dimensions and at high temporal frequency. However, open archives of GCM and RCM
simulations typically provide data at a few vertical levels only. A solution to this problem is
suggested by Lemaire et al. (2016). They developed statistical air pollutant models that could be
used together with output from several EURO-CORDEX RCMs.

3.1.2 Urban micro-climate simulations

Cities occupy less than 1 % of the global land surface, and their direct effect on the atmospheric
general circulation and on global climate is probably not very large. Moreover, global and
regional climate models, typically having a grid size of tens of kilometres or larger, poorly resolve
the urban land surface. Consequently, cities have been largely ignored in projections of future
climate change. However, the presence of the built environment strongly modifies the climate
and therefore air quality (as noted in the Introduction section) at local to regional scales. As
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approximately 50 % of the world's population lives in the urban environment, as well as a large
fraction of economic activity residing in cities, climate and climate change in these built-up areas
is an urgent subject of study. Climate projections of relatively coarse resolution can be
dynamically down-scaled for individual cities or metropolitan areas, by using a nested climate
model of higher resolution, provided that this latter is capable of a realistic simulation of air-
surface interactions of built-up areas.

Several physical-based surface models can simulate these air-surface interactions at a
horizontal scale of about 100 metres (i.e. at neighbourhood or city scales; see Figure 2).
Examples of these models include CLASS (Verseghy et al., 1991), CLM (Lawrence et al., 2011),
JULES (Best et al., 2011; Clark et al., 2011), LIS (Kumar et al., 2006), Noah (Ek et al., 2003),
ORCHIDEE (Krinner et al., 2005), TESSEL (Balsamo et al., 2009), SUEWS (Jarvi et al., 2011)
and SURFEX (Masson et al. 2013). Such models may be used in standalone mode or coupled
to an atmospheric model.

In climate models and numerical weather prediction models, the heterogeneity of the surface is
frequently addressed by using a tiling approach, where several surface types may be present in
a given grid box. In a tiling scheme, all the surface types present in a given grid cell experience
the same atmospheric forcing, but react individually, according to their respective physical
properties. Finally, fluxes representing all the different tiles are aggregated, so that the
atmosphere reacts to one representative value for the entire grid-cell.

Atmospheric flow at horizontal scales of approximately 100 metres or less (i.e. at street and
vehicle wake scales; see Figure 2) can be simulated using computational fluid dynamics (CFD)
including large-eddy simulation (LES) models have a grid spacing of metres. These models can
resolve the atmospheric flow within the urban canopy (that is the atmospheric layer between the
surface and the top of the buildings) (e.g. Letzel, 2007). CFD models remain to be too
computationally demanding to permit studies approaching even a regional scale or covering
periods of more than a few days. Therefore, climate simulation models and numerical weather
prediction models by necessity must parameterize the built environment in the framework of their
respective surface interaction models.

Many urban parameterizations still follow highly simplified approaches (Masson, 2006). The
most common way is to use a vegetation—atmosphere transfer model whose parameters have
been modified. Cities are then modelled as bare soil or a concrete plate. The roughness length
is often large (one to a few metres; Wieringa, 1993; Petersen, 1997).

More advanced schemes have addressed the complexity of the urban surface following a
canyon approach, where the urban surface is treated as an array of different facets, and the
energy budget equation is solved individually for each facet. For example, the models of
Masson (2000), Martilli (2002) and Kondo et al. (2005) consider three separate facets of roofs,
walls, and road surfaces, while e.g. Best et al. (2006), Dupont and Mestayer (2006) and Porson
et al. (2009) chose to merge the walls and road surfaces into one single effective canyon, thus
retaining only two energy budgets.

These urban canyon type models simulate more accurate fluxes to the atmosphere than the
modified-vegetation models. A review and inter-comparison of all these models is available in
Grimmond et al. (2010, 2011). However, when the focus shifts to impacts on the population in
cities (in buildings or on the road) or economics (e.g. energy consumption in buildings), it
becomes necessary to clearly separate buildings, air within urban canyons, roads, and, if
present, trees, gardens etc. The Town Energy Balance (TEB) model (Masson, 2000; Lemonsu
et al., 2004), included in the surface interaction model SURFEX, is an example of a model
capable of making this distinction.
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A multitude of physical processes are taken into account in the Town Energy Balance model
TEB: 1) short-wave and long-wave trapping effect of canyon geometry; 2) anthropogenic
sensible heat flux from heated or cooled buildings or from traffic and industry; 3) water and snow
interception by roofs and roads; 4) heat conduction and heat storage in buildings and roads; and
5) interactions between canyon air and the built surfaces and the canyon micro-climate
(temperature, humidity, wind, turbulence).

Waste heat emissions of buildings tend to increase surrounding air temperatures. The energy
effects of buildings and building systems on the urban climate on neighbourhood or city scales
may be simulated by surface interaction models (e.g. Sailor, 2011; de Munck et al., 2012; Bueno
et al., 2012). This contrasts with dynamic building energy simulation algorithms that simulate
heat transfer and air flows inside complex buildings dynamically (e.g., Crawley et al. 2008) but
are run in an offline mode, i.e. using prescribed meteorological data as input (e.g., Jylha et al.,
2015a, 2015b).

The need to prepare cities for climate change adaptation requests the urban modeller
community to implement sustainable adaptation strategies within their models to be tested
against specific city morphologies and scenarios. Greening city roofs is part of the overall
strategy. The GREENROOF module (De Munck et al., 2013) for the TEB model has been
developed to simulate the interactions between buildings and vegetated roof systems at a city
scale. This module describes an extensive green roof that is composed of four functional layers:
vegetation (grasses or sedums); substrate; retention/drainage layers; and artificial roof layers.
The following interactions are calculated: i) vegetation-atmosphere fluxes of heat, water and
momentum; ii) hydrological fluxes throughout the substrate and the drainage layers; and iii)
thermal fluxes throughout the natural and artificial layers of the green roof.

3.1.3 Development of synthetic weather data for a future
urban climate

Synthetic temporally-high resolution meteorological data in an anticipated future climate are
needed in simulations of climate change impacts on various sectors, such as air quality,
agriculture, hydrology and building energy. According to Belcher et al. (2005) there are two
general categories of methods for designing such future weather data sets. One category is
based on analogies: use is made of recorded historical weather data from another location with
a climate similar to the projected climate of the study location, however this ignores factors such
as the solar angle and hours of daylight (Eames et al. 2011). The other category consists of
various downscaling methods of climate model output, discussed in Section 3.1.1. One of these
methods, i.e. morphing, or time series adjustment, has been applied in several studies to
produce future design weather data sets (e.g. Belcher et al. 2005, Wang et al. 2010, Chan
2011). Morphing produces a new weather time series (p;) that combines observed time series
(o)) with climate change projections. The method aims to minimize the influence of climate model
biases and to preserve the realistic weather sequence of present-day data. Shifts in the mean,
changes in standard deviation (a stretch or shrinkage) and even changes in skewness may be
considered (Raisanen and Raty, 2013; Jylha et al. 2015a, b).

The observed time series (0;) used as a baseline for the synthetic future weather time series (p;)
may present a meteorological station or a grid point in a gridded present-day weather data set.
Gridded data sets are typically constructed from station observations using kriging interpolation,
but they can also be reanalyses products. An option is to construct a spatially-high resolution
gridded set of the baseline time series (o) in an urban area by using reanalysis data as
boundary conditions for a regional climate model or weather prediction model including a
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surface interaction modelling system, such as HARMONIE/SURFEX (Section 3.1.2). However,
this alternative is computationally expensive and time consuming, meaning that multi-year-runs
are in practice out of the question in the scope of the iISCAPE project.

Temperature Relative humidity  Solar radiation  Wind speed

Month Original year
(°C) (%) (MJ/m2) (m/s)
January 1990 -4.0 89 22.3 4.3
February 1998 -4.5 83 80.6 4.6
March 1994 -2.6 82 2315 4.1
April 2009 4.5 67 431.6 4.3
May 2006 10.8 63 595.8 4.1
June 2005 14.2 72 607.0 4.0
July 2008 17.3 69 651.2 3.9
August 2003 16.1 76 456.1 4.2
Septemper 1997 10.5 79 295.2 3.9
October 1981 6.2 91 94.3 4.1
November 1989 0.5 89 29.2 4.0
December 1998 -2.2 87 15.8 4.4
Annual 5.6 79 3511.0 4.2

Table 1: Test reference year (TRY) for Vantaa. TRY consists of weather data for twelve months that originate from
different calendar years (column 2), each month having weather conditions close to the long-term climatological
average. The months for TRY were selected using Finkelstein-Schafer parameters for four climatic variables (air
temperature, humidity, solar radiation and wind speed). Columns 3-6 give the TRY monthly means of these variables
(Jylha et al., 2011).

An issue is how long time series of observations (0) should be used as a baseline when
constructing the synthetic future weather time series (p;). While a 30-year period of real weather
data is often preferred by climatologists, a practical choice is to use typical meteorological years
(TMYSs) or test reference years (TRYs). TRY is a synthetic year consisting of the most typical
months from different years (e.g. Belcher et al. 2005, Jentsch et al., 2008, Ouedraogo et al.
2012; Kalamees et al. 2012). Following the EN ISO 15927-4 standard, typical months can be
identified from daily weather data of a long (30-year) period using a statistical method which
measures the similarity of two frequency distributions. Those months from these years that have
the smallest differences from the long-term climatological distributions, as quantified by the so-
called Finkelstein-Schafer parameters, are selected.

As an example, Table 1 shows the selected months in the Vantaa test reference year data set.
The months were selected based on daily mean values of temperature, global solar radiation,
humidity and wind speed. Monthly mean values of the test reference months and the
corresponding climatological values are also given. Note that the weather observations were not
made in the centre of Vantaa (Tikkurila) but at the Helsinki-Vantaa airport.

A similar method based on TRYs will be also adopted for the simulation of air quality in future
scenarios and assess efficacy PCSs at target cities. This part of the research will be elaborated
in WP6.
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3.2 Shared Socioeconomic Pathways

The state-of-the-art global scenarios framework for climate change analysis and assessment not
only addresses regional dimensions of climate change and uncertainties involved, but also
socio-economic variables in terms of possible scenarios that take into account change in society
and implementation of specific policies. After the Fourth Assessment Report by the IPCC, a new
set of scenarios for the use of climate change research and policy design was put under
development (IPCC, 2010). The development process for the new scenarios is essentially
parallel - the different pathways for emissions (Representative Concentration Pathways RCPs,
see Figure 4) and for socio-economic development (SSPs) were developed in parallel (Moss et
al., 2010). Shared Socioeconomic Pathways (SSPs) describe the state and trajectories of
societal and economic conditions globally and in different parts of the world. They are reference
pathways and do not describe climate policies; the climatic impacts of these pathways depend
on indirect consequences of the development. Five separate SSPs have been constructed
(O’Neill et al., 2014). Original idea for the form of SSPs was based on three components: 1) a
common conceptual framework 2) simple socio-economic narratives and 3) a lean set of
quantified variables (Van Vuuren et al., 2012a). The five scenarios can be presented in a simple
xy-plane, where on the y-axis the mitigation challenges are increasing, and on the x-axis, the
adaptation challenges are increasing. This is depicted in Figure 5.
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Figure 5: The shared socio-economic pathways. (O’Neill et al., 2014).

The storylines and the variables are available at the SSP database (IIASA, 2012a) and the
provided supplementary material (IIASA, 2012b) is maintained by IIASA. Currently available
scenario data is limited to the short narrative storylines and sets of key socioeconomic variables
(GDP, population and some demographic parameters described further below). The storylines
for the pathways are the following (IIASA, 2012b):

* SSP1 - Sustainability: This pathway presents a world making relatively good progress
towards sustainability. Lot of effort is made to achieve global development goals as well as
reducing energy and resource intensity and dependency on fossil fuels and the Millennium
Development Goals are achieved within the next decade or two. Inequality both between
countries and within economies is decreased as low-income areas develop rapidly.
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Technologic development is also rapid. Economies are globalized and open but strict
environmental protection policies are implemented.

+ SSP2 - Middle of the Road / Current Trends Continue: In this world, current
socioeconomic trajectories are assumed to continue. Some progress towards global
development is achieved. Some low-income countries manage to make relatively good
progress but many are also stuck with low level of development. The power of global
institutions remains very limited and global economy is only partially open. Still most of the
economies are politically stable, and the gap between high and low income countries
slowly closes.

*+ SSP3 - Fragmentation / Fragmented World: This pathway represents the greatest
challenges to both adaptation and mitigation. The world is fragmented into a few pockets
of moderate wealth, areas of extreme wealth and many countries struggling to maintain
standards of living for their strongly growing populations. World trade and international co-
operation are severely restricted. Policies are oriented towards security instead of
sustainable development, and the world is failing to achieve global development goals.

* SSP4 - Inequality / Unequal World / Divided World: In this pathway wealth is distributed
very unequally both across and within countries. Small global elite produces most of the
GHG emissions while the poorer population remains vulnerable to the climate change
impacts. Global institutions work well for the rich elite but provide little support for the
development of the poor masses. Mitigation challenges are however low, due to limited
overall economic activity and the capabilities of the wealthy players to invest in low-carbon
development.

* SSP5 - Conventional Development / Conventional Development First: In this pathway, the
world has chosen conventional fossil-fuel dominated development as the solution to social
and economic problems. This enables rapid economic growth across the world and helps
in adapting to the impacts of climate change, but is hard to fit in with any ambitious
mitigation targets.

Currently the available data at SSP database is limited to the following:

» Population by age, gender and education
* Urbanization
* Economic development (gross domestic product GDP, purchasing power parity PPP)

These variables are available at annual level at five-year intervals between 2010 and 2100.
Depending on the variable, the global pathways can be separated into 5 or 32 regions; also,
country level figures are available. The database contains data series developed by IIASA,
National Center for Atmospheric Research (NCAR), OECD and Potsdam Institute for Climate
Impact Research (PIK) as well as some historic data by World Bank. The projections between
different groups hold a lot of variance. Figure 6 shows the variance between the projections of
economic growth in the results of the different modelling groups. Thus, now, there is no unique
set of quantitative values chosen for each SSP. However, [IASA has nominated certain data
series as ‘“illustrative”, which are consistent with each other and can be used comparably.
(IIASA, 2012b).
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Figure 6: SSP GDP projections of different modelling groups. Global GDP in USD (2005) are presented in the vertical
axis, the horizontal axis shows the year. (Data from (IIASA, 2012a)).

As previously stated, the economic and demographic forecasts per SSP scenario and per nation
are available from IIASA for the whole world. In the EU FP7 project ToPDAd, these forecasts
were related to EUROSTAT’s regional economic accounts (at the NUTS-3 administrative level)
and EUROSTAT/GEOSTAT’s high resolution population database, which were used as
baselines. Baselines and forecasts were then downscaled (GDP) or upscaled (population) to a
25x25 km grid for the European continent. These SSP forecasts were finally associated to
plausible RCP scenarios of precipitation and temperature (downscaled from 0.5 degrees’ grid to
a 25x25 km grid), resulting in a regional dataset of paired SSP-RCP economic-population-
climate forecasts.

3.3 Changing climate in the iISCAPE study regions

Following from the general overview given in previous sections, this section focuses on the latest
understanding about climate change projections for the iISCAPE study regions. Starting from
projected future changes, the emphasis is on various climatic variables that are relevant for air
quality, together with considerations of past trends. The variables include daily mean
temperature, difference between daily maximum and minimum temperature, precipitation sum,
incident solar radiation, sea-level air pressure, and wind speed. We recall that daily maximum
and minimum temperature is an important information also for low-cost sensors (see D1.5)
usage in future years given that their durability is also depending on working temperature range.

The projections are based on a large ensemble of state-of-the art climate model simulations,
CMIP5 GCMs (Sec. 3.1.1). The outcomes for the iISCAPE target regions are discussed in
comparison with findings of previous research.

The number of CMIP5 GCMs used to construct the multi-model projections, as well as to study
consistency in the direction of the change in the individual model projections, was 28 for daily
mean temperature, precipitation, solar radiation and air pressure (Figure 7-11), 25 for the diurnal
temperature range (Figure 10), and 24 for wind speed. Details about the GCMs and methods
used to post-process the model data are given by Ruosteenoja et al. (2016), who also provided
the data used to generate the maps.

To be discussed below are climate change projections for the year 2050 under the high-
emission RCP8.5 scenario (Figure 4). The changes in the climate variables were calculated
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between the baseline period 1981-2010 and the future period 1935-2064, having its midpoint in
2050, and translated to linear trends. The baseline period is analogous to the 20-year reference
period 1986-2005 employed by IPCC (2013). Regardless of the time spans explored, however,
the geographical distributions of the projected changes are qualitatively similar, but the
magnitude of the responses is smaller for earlier periods (Ruosteenoja et al., 2016).

The changes are illustrated as maps across Europe, showing both multi-model mean projections
and areas where more than 75 % of the models agree on the sign of the trend. The inter-model
agreement can be regarded as good in those areas; elsewhere the climate response is
uncertain.

The considerations of detected past trends are based on a literature review that mainly focuses
on the most southern, western and northern study regions of iISCAPE: Italy, Ireland and Finland.
These regions are at the edge of each climatic region with UK and Germany somehow in the
middle.

3.3.1 Temperature

Expectedly, all models agree about a warming trend across all seasons over the whole Europe
(Figure 7). Compared to the other iISCAPE study regions, the projected summertime warming is
largest in northern Italy and smallest in Ireland. In winter, and also in spring and autumn, the
most pronounced increases in temperature are likely to take place in Finland. These projections
for the future warming are generally consistent with observed past trends, as discussed below.

In the iISCAPE target region in Italy, the annual mean temperature had a general trend of 0.31
°C per decade over the period 1961-2010, the largest warming in urban areas exceeding 0.50
°C per decade (Antolini et al. 2016). Long-term (1865-2003) seasonal trends in the Po valley
ranged from 0.08+0.02 °C per decade in autumn to 0.11+0.02 °C per decade in summer
(Brunetti et al. 2006).

On the island of Ireland, based on the average of five long-running observational temperature
series, summer mean temperature has increased by 0.93 °C during the period 1900-2014, i.e.
about 0.08 °C per decade (Matthews et al. 2016). Moreover, the likelihood of a summer as warm
as the warmest recorded summer (1995) has increased by a factor of more than 50 over the
observational period.
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Figure 7: Projected seasonal mean warming (in °C per decade) by 2050 over Europe under the RCP8.5 greenhouse
gas scenario. Shading depicts averages of the responses simulated by 28 global climate models (CMIP5 GCMs). The
baseline period is 1981-2010 Areas where more than 75 % of the models agree on the sign of change are hatched
(for temperature, this condition is fulfilled over the entire domain). The upper left panel depicts December—February,
the upper right panel March-April, the lower left June-August, and the lower right panel September—November. The
iISCAPE cities are shown by crosses. Based on model data described by Ruosteenoja et al. (2016).

In the iISCAPE target city of Vantaa, Finland, the annual mean temperature had a trend of
0.3520.07 °C per decade over the period 1980-2009 (Jylha et al., 2015a). The national
temperature average in Finland increased by 0.69+0.56 °C per decade in winter and by
0.2910.24 °C per decade in spring from 1959 to 2008, without statistically significant warming in
summer and autumn (Tietavdinen et al.,, 2010) despite the record warm summer 2010
(Tietdvainen et al., 2012). The temperature change, between the last and the first 10 years of
the period 1847-2013 was largest in December, 4.8 (3.8-5.9) °C (Mikkonen et al., 2014),
corresponding to a linear trend of 0.31 (0.24-0.38) °C per decade.
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3.3.2 Precipitation

Based on the model projections shown in Figure 8 and numerous previous studies, the general
trend is towards wetter in northern Europe and drier in southern Europe. The contour of zero
change, as well as the zone where the models notably disagree about the sign of the
precipitation change, are located northernmost in summer.
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Figure 8: Projected seasonal mean precipitation change (in % per decade) by 2050 under the RCP8.5 scenario. For
further information, see caption for Figure 7.

In the iISCAPE study regions, precipitation is generally projected to increase in winter and
decrease in summer, except that the sign of the change is uncertain in northern ltaly in winter
and in southern Finland in summer. In spring and autumn, the agreement in the modelled
changes is generally rather low for most of the iISCAPE target regions.

In the Italian iISCAPE region, past recordings of annual and seasonal total precipitation do not
reveal any statistically significant century-scale trends (Brunetti et al., 2004, 2006), but during a
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period 1961-2008 a general reduction has been observed in winter, spring and summer, and an
increase in autumn (Tomei et al., 2010). Besides, the number of wet days has decreased over
the period 1880-2002 on an annual basis, as well as in spring and autumn, accompanied with
increases in precipitation intensity in summer, autumn and also winter (Brunetti et al., 2004).

In the Island of Ireland, studies by Noone et al. (2016) and Matthews et al. (2016) suggest some
increases in winter and decreases in summer precipitation, in accordance with future projections
in Figure 8, but the trends were not statistically significant. However, the likelihood of the wettest
winter (1994/95) and driest summer (1995) has respectively doubled since 1850 (Matthews et
al., 2016).

In Finland, no statistically significant trend has been detected for the country-wide spatial
average of the annual precipitation total during the period 1961-2010 (Aalto et al. 2016).
However, areas suggesting tendencies towards wetter climate are far more widespread than
those suggesting vice versa.

3.3.3 Solar radiation

Incident solar radiation is projected increase in most of Europe in spring, summer and
particularly in autumn (Figure 9). In winter increases are likely in Italy, but reductions are to be
expected in Finland and perhaps Ireland, while the model projections are controversial in the
UK, Belgium and Germany.

In northern Italy during the period 1959-2013, all-sky surface radiation has increased in summer
and decreased in autumn (Manara et al., 2016). During the period 1981-2013, all-sky surface
radiation increased in all the seasons, particularly so in summer and spring. It was suggested
that under all-sky conditions, the variations caused by the increase/decrease in the aerosol
content have been was partially masked by cloud cover variations.

In southern Finland during the period 1980-2009, the annual total radiation increased by 1.4 %
per decade, most of all owing to an intensification of direct radiation in spring and autumn. In
contrast, diffuse radiation weakened by 4 % per decade (Jylh& et al., 2014). Previously, during
the period from 1958 to 1992, the mean annual solar radiation had decreased by 1.7 % per
decade (Heikinheimo et al., 1996). This earlier reduction was mainly attributed to a pronounced
increase in cloudiness, with only a minor contribution from the direct effects of the relatively large
aerosol load at that time.
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Figure 9: Projected changes in seasonal mean incident solar radiation (in % per decade) by 2050 under the RCP8.5
scenario. For further information, see caption for Figure 7.

3.3.4 Diurnal temperature range

Like incident solar radiation, also diurnal temperature range is affected by cloudiness. Therefore,
geographical distributions of their past and projected changes have many similarities (Figure 9
and Figure 10).

The diurnal temperature range is projected to increase in most of central and southern Europe
particularly in summer and also in autumn and spring (Figure 10), suggesting larger increases in
daily maximum than in daily minimum temperatures. In contrast, reductions in the diurnal
temperature range are projected to occur in the north especially in winter and autumn. This can
be explained by projected larger increases in daily minimum, rather than in daily maximum
temperatures.
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In the Po Valley in Italy, the annual mean daily maximum temperature increase of 0.11+0.01 °C
per decade over the period 1865-2003 exceeds the corresponding trend for daily minimum
temperatures of 0.09+£0.01 °C per decade (Brunetti et al., 2006). The observed changes in both
variables are largest in winter or spring and smallest in autumn. The diurnal temperature range
has increased in all the seasons. According to Simola et al. (2010), the changes in daily maxima
and minima have materialized as simple, rigid shifts of the density functions alone, without
invoking any change in shape.
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Figure 10: Projected changes in the diurnal temperature range (in °C per decade) by 2050 under the RCP8.5
scenario. For further information, see text and caption for Figure 7.

In Fennoscandia (covering, Norway, Denmark, Sweden and Finland), the daily minimum
temperature during spring has increased by 0.40 °C per decade and the diurnal temperature
range decreased by 0.18 °C per decade over 1950-1995 (Tuomenvirta et al., 2000). The diurnal
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temperature range had a statistically significant annual trend also over the period 1910-1995.
This result could be largely explained by changes in atmospheric circulation and increased cloud
cover. As regards with country-wide spatial averages in Finland during the period 1961-2010,
annual means of daily minimum and maximum temperatures increased by 0.4+0.2 °C per
decade and 0.31£0.2 °C per decade, respectively (Aalto et al., 2016).

3.3.5 Air pressure and wind speed
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Figure 11: Projected changes in sea level air pressure (Pa per decade) by 2050 under the RCP8.5 scenario. For
further information, see caption for Figure 7.
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According to the climate projections in Figure 11, wintertime sea level air pressure will increase
in southern and central Europe, but decrease in the north. In Ireland and England air pressure
seems to increase in all seasons and in Belgium and Germany in all seasons except for the
summer simulations.

The models agree on the negative sign of the change in southern Finland more clearly in winter
and summer than in spring and autumn.

In the Po Plain, Italy, the annual (and spring) mean air pressures has shown an increasing
tendency during the period 1881-2000 (Maugeri et al., 2004). A highly significant positive trend
in winter and yearly air pressure all over Italy has been detected also during the period 1951-
2000 (Maugeri et al. 2003). Instead, the national average of air pressure in Finland has varied
from year to year without any trend across the period 1961-2010 (Aalto et al., 2016).

Future changes in surface wind speed appeared to be uncertain in most of Europe.
Nonetheless, more than 75 % of the models agree on an increase in wind speeds in Ireland and
England in summer and in Italy in autumn.

3.4 Summary and outlook for further urban climate
change work in iISCAPE

There is a number of challenges when trying to assess recent and future impacts of the ongoing
global climate change on urban and smaller scales. While the average impact of urbanization on
the observed annual-averaged pan-European temperature trend is minor (Chrysanthou et al.,
(2014), the presence of built-up area strongly modifies the climate on local to regional scales. If
a weather station is located in a centre of a growing city, the urban heat island phenomenon
tends to reduce homogeneity of observational time series there, which needs to be taken into
account. On the other hand, weather observations in an urban area are needed for purposes of
validation and verification of physically-based simulations of urban-scale climate.

Future climate in a city depends both on its own growth, design and development, on natural
climate variability at all scales, and on the evolution of global emissions of greenhouse gasses
and aerosols (the RCPs). The primary tools to make scenarios for the future include a range of
global climate models (GCMs) that may be dynamically (RCMs) or statistically downscaled. For
the purpose of urban micro-climate simulations, physical-based surface models can be used in
standalone mode or coupled to an atmospheric model. In parallel, it is possible to regionally
downscale Shared Socioeconomic Pathways (SSPs) that describe the state and trajectories of
societal and economic conditions globally and in different parts of the world.

Based on past climatic observations and a large ensemble of state-of-the art climate model
simulations (CMIP5 GCMs), climate has and will get warmer in all the iISCAPE target regions.
For precipitation, diurnal temperature range, incident solar radiation and air pressure, even the
signs of the trend deviate from region to region.

It may be mentioned that while figures in Sec. 3.3 and subsections show climate change
projections by the year 2050 under the high-emission RCP8.5 scenario, another target year and
the three other RCPs (Figure 4) could have been considered as well. It is also important to keep
in mind that besides multi-model means, it is useful to examine scatter across the models in the
iISCAPE study sites.

In the next step in ISCAPE, we plan to construct multi-model climate projections on annual and
monthly basis for all the iISCAPE cities based on output from the large ensemble of CMIP5
GCMs utilized for the previous figures in this section. The results will be put in the context of
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previous and parallel work (e.g., EURO-CORDEX RCMs). Later phases of the work also include
demonstrations of outcomes from simulations by the SURFEX model (Sec. 3.1.2).

4 Air quality and climate change interactions
over Europe

4.1 Overview

Air quality in Europe has significantly improved in the last decades by the interventions of the
agreed by the two AutoQil Programmes and later by the Clean Air approaches, mainly because
of technological improvements and stricter legislation requirements for emissions; nevertheless,
the problem of air pollution is far from being solved. Figure 12, taken from the 2016 edition of the
EEA "report on air quality in Europe”, shows that in almost every European country air quality
standard are not fulfilled, at least for some pollutants.

NO, is mainly a primary pollutant, although it plays an important role in the chemistry of
tropospheric ozone; high concentrations of this gas are measured in most large and medium
size cities around Europe, usually at roadside monitoring stations.
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Figure 12: Fulfilment of EU legislation requirements for air quality in 2014: NO; (top left), O3 (top right), PMyo (bottom
left) and PM; s (bottom right); every dot corresponds to a monitoring station; red and brown dots indicate that the
pollution standards required for each pollutant are not respected. (European Environmental Agency, 2016).

Tropospheric ozone, on the other hand, is a secondary pollutant: it is produced by
photochemical reactions that involve NO, and many different VOCs, and its concentrations are
often rather uniform over large regions. It affects large parts of Mediterranean countries, and can
reach high values also in rural areas; its reduction requires large-scale interventions on several
classes of emitting sources.

Particulate matter (PMyo and PM, ;) is both primary and secondary. The highest concentrations
are observed at roadside monitoring stations in large cities (due to the local emissions from
traffic), in eastern Europe (due to the use of older and more pollute technologies), and in areas
where the meteorological conditions are particularly unfavourable to the dispersion of pollutants
(Po Valley, some region of Central Europe).

The complete list of EU legislation requirements for air quality is in appendix A. It should be
noted that some of the pollutants can harm human health also at low concentrations: for these
pollutants, such as PM, the thresholds for concentrations are somehow arbitrary, and are being
steadily reduced from year to year.
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4.2 Air quality and local climate change interactions

Since Europe is strongly affected by climate variation (Giorgi, 2006), it is important to address alll
possible effect due to emissions including those at urban scale. Most studies, as largely
highlighted in previous sections, address global and region scales; however, information at the
local scale is key for understanding the link with urban air quality.

Early studies focused on climate change effects on tropospheric chemistry, particularly
tropospheric ozone concentrations, such as Brasseur et al. (1998), Johnson et al. (1999 and
2001) and Derwent et al. (2001). First studies of the effects of climate changes on air pollution at
European level are those of Langner et al. (2005), Szopa et al. (2006), Forkel and Knocke
(2006). All these studies found marked increase of near surface summer ozone concentrations
in response to climate change when assuming no emission control measures. These were
attributed to much warmer and drier European summers (as discussed in sect. 3) under future
climate conditions. Mixed results were found for the changes in sulfur and nitrogen
concentrations.

As mentioned, European regions are one of the most sensitive to climate change. As largely
discussed in sect 3, different generations of global and regional model simulations have
indicated that the Europe is projected to undergo a warming much larger than the global
average, as reported in Deque et al. (2005), Giorgi et al. (2001) and Giorgi and Bi (2005).
Moreover, European summer temperature interannual variability might increase in future climate
(Giorgi and Bi, 2005), leading to increased frequency of extremely hot summer, such as 2003
summer (Giorgi and Bi, 2005 and Schar et al., 2004). Temperature scenario has an influence on
the precipitation pattern projection, which has strong seasonal and spatial trends. Winter
precipitation is projected to increase in central to northern Europe and decrease over the
southern Mediterranean, while summer precipitation is projected to decrease throughout central
western Europe and the Mediterranean basin.

Pollutant concentration variations, within climate change studies are mainly linked to surface
temperature, precipitation and sea level pressure (SLP) changes (Giorgi and Meleux, 2007). The
increased temperature, especially over lands, implies higher biogenic emissions and faster
chemical reactions, both factors being possibly conductive to higher pollutant concentrations.
Regional patterns of precipitation change over land can have different impacts: a decrease
(increase) of precipitations would inhibit (enhance) pollutant removal. In the end, increases in
SLP are indicative of greater subsidence and stagnation, which inhibit pollutant dispersion
(Mediterranean regions during winter). Conversely, decreased SLP are generally indicative of
increased storm activity and thus increased pollutant dispersion and removal by precipitation
(Mediterranean regions during summer). Land warming and drying will also modify SLP patterns;
a possible consequence is an intensified anticyclonic ridge over western Europe and
northeastern Atlantic that deflects the summer storms track to the north of western Europe and
the Mediterranean (Pal et al, 2004), so further reducing wet removal of pollutants. This scenario
leads to an increase of both NO, and isoprene, which are critical ozone precursors. NOy
concentrations rise is restricted within the major metropolitan areas, while isoprene follows areas
of strong warming and increased solar radiation.
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5 Heat waves

5.1 Overview

In setting up the terminology that bridges climate change and air quality is essential to define
heat waves this should not be confused with urban heat island (UHI) that is a local scale
phenomenon. Different definitions of heat wave are available in literature, e.g. according to the
time needed to have socio-economics or environmental impacts at a given spatial scale. A
suitable definition, at least for Europe, of heat wave is given by Robinson (2001) which states
that heat wave is a meteorological event of at least 6 consecutive days with maximum
temperature exceeding the 1961-1990 calendar day 90™ percentile, calculated for each day over
a centred 5-day rolling average at each grid point. This choice can be considered well-posed
because while heat waves of shorter duration can already lead to environmental and socio-
economic impacts, this longer duration is settled in view of the expected increase in the number
of long heat waves in a future, warmer, climate (Beniston et al., 2005).

Physical drivers for heat waves can be divided in three categories: synoptic systems, land
surface and soil moisture interactions, and climate variability phenomena (Perkins, 2015). Heat
waves all over the globe are associated with high-pressure synoptic conditions (anticyclones),
which last for several days in the same region. These phenomena are typically called ‘blocking
high’. Soil moisture plays a key role in enhancing temperatures. When soil moisture is low, its
interaction with temperature increases summer temperature variability, resulting in extreme
temperatures (Seneviratne et al., 2006). This process is due to the major impact of sensible heat
flux over latent one in conditions of dry soil, which induces a positive feedback between
atmospheric heating and further drying of the soil (Alexander, 2010). Moreover, when it
combines with the blocking high, the positive feedback amplifies. In this contest, land use can
play a role, enhancing/mitigating the heat wave impact: irrigation for instance can reduce the
intensity of the heat waves during the hottest hours of the day, increasing the soil moisture
(Valmassoi, 2016). The role of climate variability in heat wave manifestation is has been
investigated only through relationships with temperature extremes at global scale. Climate modal
behaviours, e.g. ENSO, can influence global temperature distributions beyond a shift in the
mean (Kenyon and Hegerl, 2008). Genesis of blocking high is largely associated with NAO
(Della Marta, 2007a). Definitively, climate variability affects physical processes that contributes
to heat waves development.

According to Stefanon et al. (2012), heat waves in Europe can be classified in: Russian (RS),
West European (WE), East European (EE), Iberian (IB), Scandinavian (SC) patterns plus
another centred over the North Sea (NS). Figure 13 shows the six typical patterns after the
clustering made on the period between 1950 and 2009.
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Figure 13: Six typical heat wave clusters over the Euro-Mediterranean region: (a) Russian, (b) Western Europe, (c)
Eastern Europe, (d) Iberian, (e) North Sea and (f) Scandinavian. Daily maximum temperature anomalies are in colour
and expressed in Kelvin degrees while isolines are the 500hPa geopotential height anomaly. (Stefanon et al., 2012).

Russian cluster groups 128 days of heat wave condition into 14 events over the period 1950-
2009. This class expands in the very north-eastern part of the domain over Russia between 35°
and 45° E with a temperature anomaly up to 4 °C. It has a shape that is very similar to the one
observed during the catastrophic Russian heat wave of summer 2010, although data from 2010
were not included in the analysed period. The Western Europe cluster is centred mostly over
France and has a magnitude of 5 °C. It includes 11 events for 82 days. The first half of August
2003 belongs to this cluster. The temperature anomaly pattern of the 2003 heat wave is very
similar to the Western European pattern. The Eastern European cluster is approximately centred
over Poland. Its magnitude is 4 °C with 23 events for a total of 182 days. It is relatively more
spread out than the other clusters. A visual inspection of the different event maps shows events
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localized around the Baltic Sea and the Black Sea. The Iberian cluster is located over the Iberian
Peninsula, with a second centre over Turkey, along the same latitudinal band across the
Mediterranean. It includes 75 hot days in nine heat wave events and displays the weakest
temperature anomaly with maximum 3 °C. The North Sea cluster is the hottest, with a magnitude
exceeding 6 °C above the mean. It includes 81 hot days in 11 events. The anomaly is centred
over the North Sea and spans over Great Britain to the west, the Northern European coast and
Eastern Scandinavia. Summer 1976 was very similar to the North Sea pattern. Finally, the SC
(Scandinavian) cluster extends over most of the Scandinavian Peninsula with anomalies up to 6
°C. Itincludes 95 days in 10 events.
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Figure 14: Heat wave climatology in the Euro-Mediterranean region between 1950 and 2009 with attribution to the six
heat wave clusters. (Stefanon et al., 2012).

Figure 14 shows the distribution and duration of the heat waves during the investigated period,
coloured following the classification. Recent events are present, such as 2003 and 2006 West
European heat waves and 1976 North Sea. Mean duration of the heat waves is about 7 to 9
days, depending on which pattern is considered.

Since their dependence on extreme temperature, heat waves are also a topic for future climate
studies. Scenarios with increasing GHG in climate projection show an enhanced inter-annual
variability of the summer climate in Europe and potentially more frequent heat waves (Giorgi and
Lionello, 2008). An increase in climate variability has a greater effect on the society than a
change in the mean climate, since adaptation to changes in climate extremes is more difficult
(Seneviratne et al., 2006).
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Figure 15: Projected changes via an ensemble of RCMs of average European heat wave frequency (a, b) ad
amplitude (c, d) for 2021-2050 (a, c¢) and 2071-2100 (b, d), with respect to 1961-1990. (Fischer and Schér, 2010).
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RCM projections over Europe (Figure 15) show spatial heterogeneity in increases of the
intensity, frequency and duration of heat waves (Fischer and Schar, 2010). Larger increases in
intensity and duration are projected for southern Europe, particularly over Spain and the
Mediterranean, were heat wave days are projected to increase 20-fold by 2100. Other
projections over the Mediterranean include dramatic increases in the frequency hot temperature
extremes and heat stress by between 200-500 % by the end of the 21 century (Diffenbaugh et
al., 2007). The frequency of a European mega-heat wave similar to 2003 is projected to increase
by 5-10 fold over the next 40 years (Barriopedro et al., 2011). However, the 2010 Russian event
was so extreme that the probability of a similar event occurring again does not increase for at
least 50 years (Barriopedro et al., 2011) and is still considered a rare event by the end of the 21
century under a high emissions scenario (Russo et al., 2014).

5.2 Heat Wave Magnitude Index (HWMI)

A useful way to quantify heat waves is the recently introduced Heat Wave Magnitude Index
(HWMI) (Russo et al., 2014), defined as the maximum magnitude of the heat waves in a year
The HWMI computation for a specific year is a multiple stage process requiring several steps:

o Daily threshold. A daily threshold is calculated for the reference period in Russo et al.
(2014), the reference period goes from 1981 to 2010).

¢ Heat wave selection. For each specific year, it is selected all the heat waves composed
of at least a certain amount (to be defined) of consecutive days with daily maximum
temperature above the threshold. This certain amount of days depends on the studied
region (e.g. 6 days for Europe, 3 on global scale).

¢ Heat wave to subheat wave. Each heat wave is then decomposed into n sub-heat waves,
where a sub-heat wave is a heat wave with minimum duration (6 days in Europe, 3 on
global scale).

¢ Sub-heat wave unscaled magnitude. The sum of the maximum temperatures of a sub-
heat wave.

e Sub-heat wave magnitude. The sub-heat wave unscaled magnitude is transformed into a
probability value on a scale from 0 to 1, which is defined as the magnitude of the subheat
wave.

¢ Heat wave magnitude. The magnitude of each heat wave is defined as the sum of the
magnitudes of the n subheat waves.

e Heat wave magnitude index. The maximum of all wave magnitudes for a given year.

According to the index, Russo et al. (2014) found that, in the 11 years between 2002 and 2012,
the percentage of global area affected by moderate (HWMI = 2), severe (HWMI = 3), and
extreme (HWMI = 4) heat waves was threefold greater than in the previous periods (1980-1990
and 1991-2001). This is evident from Figure 16 showing the geographical pattern of the
maximum HWMI, from the ERA-I and NCEP-2 data, within three periods: 1980-1990, 1991-
2001, and 2002—-2012.
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Figure 16: Heat Wave Magnitude Index in three periods of 11 years with reanalysis data: (a, b) 1980-1990, (d, e)
1991-2001, and (g, h) 2002-2012. (Russo et al., 2014).
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The 2010 Russian heat wave shows the highest HWMI value and the largest extension with both
the ERA-interim and NCEP-2 data sets. In particular, the 2010 Russian heat wave shows a
spatial extension nearly 3 times larger and with a maximum HWMI approximately double that of
the heat wave in Europe in 2003. Another extreme heat wave, albeit less frequently studied in
the literature, occurred in the U.S. in 1980. According to the NCEP-2 reanalysis, the 1980 U.S.
heat wave can be considered the second strongest in the period 1980-2012, whereas the ERA-I
data show that this event was of comparable magnitude as the 2003 European heat wave.

Projections in a warming world has also been made, using reanalysis data and IPCC AR5 model
outputs. According to the HWMI, the extreme Russian heat wave in 2010 can still be considered
a rare event in the future climate under the less severe scenarios RCP4.5 and RCP2.6. In fact, it
is difficult to link it to greenhouse gas-induced warming (IPCC, 2013). However, in a warmer
future climate, the probability of extreme events, such as those in Russia 2010, Europe 2003,
and the U.S. 1980, will increase and events considered rare today may be considered the norm
under certain future scenarios.
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6 ISCAPE cities

6.1 Overview

Figure 17: Meteorological conditions over Europe, according to ECMWF operational analysis in years 2006-2014:
annual average of surface wind speed (m/s, left) and frequency of occurrence of large temperature inversions in
winter months (%, right). (European Environmental Agency).

The problem of air pollution in urban areas is complex; cities in different parts of Europe
experience different levels and types of pollution, and the best and most cost-effective policies to
improve air quality can be different.

iISCAPE cities represent a wide variety of different geographic locations (Figure 18), type of
pollution and meteorological conditions (Figure 17).

© d-maps.com

Figure 18: Locations of the different target cities in iISCAPE.
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Bologna is located in Po Valley, a geographical area defined as the Po river basin and
surrounded by mountain chains (it is only open to the Northern part of the Adriatic Sea). Po Plain
includes the four biggest regions of Norther Italy (Piedmont, Lombardian, Veneto and Emilia-
Romagna). Due to its geographical location, it is one of the places in the world where
meteorological conditions are less favourable to the dispersion of pollutants: average wind
speed has the lowest values in Europe, and temperature inversions are frequent, especially in
winter months. Almost all types of pollutant are present; PM;, and ozone are above legislation
limits in almost every city in the region, also in a significant fraction of rural areas.

Bottrop and Hasselt are in the middle of very populated and heavily industrialized areas.
Emissions are strong, but meteorological conditions are more favourable than in Po Valley:
average wind speed is higher, especially in winter, but episodes of stagnation and strong
temperature inversions can nevertheless occur. PM;, and NO, values are above limits mostly at
roadside stations, but also ozone concentrations can sometimes reach high values.

Air quality is generally better in Northern Europe: large cites and industrial areas are more
spaced than in Po Valley, Ruhr, or Benelux; winds are stronger, and often carry clean air form
the sea. The average PM concentrations in Dublin and Vantaa are almost half than in Po Valley,
while Guilford experience intermediate values. NO, concentrations can nevertheless reach high
values in the busiest streets and near the strongest emitting sources of all iISCAPE cities.

In the following subsections, a synthetic overview of air quality in each iISCAPE city is presented.
Annual average concentrations of the main pollutants (NO,, Oz, PM,s and PMy,) are shown for
years 2010-2015, to build a snapshot picture of air quality that is not affected by changes in
emissions and interannual variability of meteorological conditions. Examples of air quality
policies and assessment methodologies that has been applied to each city are also presented.

6.2 Bologna and Lazzaretto (IT)
6.2.1Air Quality
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Figure 19: Map of Bologna and surrounding. Yellow squares represent monitoring stations: Via Chiarini (26), Giardini
Margherita (28), San Lazzaro (32) and Porta San Felice (33).
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ARPAE provides four sites monitoring air quality in Bologna: Giardini Margherita, Via Chiarini,
Porta San Felice and San Lazzaro (Figure 19). They collect data which represent respectively
the urban background, the suburban background and the urban traffic (both last two sites) in the
city centre. Not all the sites measure all the pollutants.

East and West Po Valley data are averaged values from different provinces of Emilia Romagna.
East Po Valley includes the districts of Ferrara, Ravenna, Forli-Cesena and Rimini; West Po
Valley includes Piacenza, Parma, Reggio Emilia and Modena.

In the context of ISCAPE a detailed report of pollutants concentrations in different environments
inside the city will provide an indication of different distribution patterns at street/neighbourhood
scale. It also highlights the role of traffic-induced emissions in an urban environment, suggesting
the requirement of new solutions which might lead to a reduction of impacts on human health.

Lazzaretto living lab is a controlled environment in real atmospheric conditions run by UNIBO’s
Engineering Campus, where students will be informed of iISCAPE project and if possible they will
take part in the campaign of measures. It is located in one of the peripheral neighbourhoods of
Bologna. Here measures of traffic-related concentrations are preparatory for assessing the role
of photocatalytic coatings both on buildings and road surfaces in pollutant removal.

Table 2 shows the annual mean concentrations of NO,. The mean concentrations obtained by
the city centre monitoring station are 20 % higher than the European limit and higher than the
mean concentrations obtained by the East Po Valley and West Po Valley urban traffic measuring
stations. The mean concentrations obtained by the other monitoring stations in Bologna are 5-10
% lower than the European limit. The monitoring station called Giardini Margherita that is near to
one of the biggest parks downtown shows mean values very close to the European limit. Trends
over the 5 years’ period is almost constant everywhere, except for Bologna San Lazzaro and the
suburban mean in West Po Valley where concentrations are decreasing.

Annual mean concentrations of NO, (1g /m?)

2010 2011 2012 2013 2014 2015
Giardini Margherita 34 36 31 ND 38 38
Bologna Via Chiarini ND 26 25 24 26 26
Porta San Felice 52 62 55 54 54 61
San Lazzaro 44 36 36 39 26 28
East Po Urban Traffic 40 37 37 35 33 38
Valley Rural Background 19 16 16 15 14 15
West Po Urban Traffic 48 51 46 42 41 46
Valley | suburban Background 31 27 26 23 19 22

Table 2: Annual mean concentrations of NO,. Differences between urban traffic and background measurements are
shown. The European limit for NO, annual mean concentrations is 40 ,ug/m3. ND stands for no available data.
(ARPAE, 2015).

Table 3 shows the annual concentrations of Oz in Bologna, computed as the annual averaged
value of 8-hours daily mean concentration. No information can be obtained from a comparison
with the European limit because it concerns the number of days in which the 8-hour mean
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concentration exceeds 120 yg/m®. This number should not exceed 25 days, averaged over three

years.
Annual mean concentrations of O3 (ug/m?3)
2010 2011 2012 2013 2014 2015
Giardini Margherita 40 48 46 52 44 41
Bologna
Via Chiarini ND 46 46 42 38 43

Table 3: Annual mean value of maximum daily 8-hour mean O3 concentration. Differences between urban traffic and
background measurements are shown. The European human health threshold for O3 maximum daily 8-hour mean
concentration is 120 pg/m3 (not to be exceeded for more than 25 days averaged over three years). ND stands for no
available data. (ARPAE, 2015).

Table 4 shows the number of annual concentrations exceeding the threshold for ozone
concentration, i.e. when the daily averaged value, computed on 8 hours, is bigger than 120
ug/m°. Data are obtained only for the urban background and the suburban background stations.
Table 4 shows that values are higher than the European limit, because this number should not
exceed 25 days, averaged over three years.

Number of annual concentrations exceeding the threshold for 03 (ug/m3)

2010 2011 2012 2013 2014 2015

Giardini Margherita 15 66 58 75 44 41

Bologna
Via Chiarini ND 73 70 52 25 43
East Po Urban Background 18 31 29 25 24 37
Valley Rural Background 58 83 58 40 16 39
West Po | Urban Background 48 80 64 61 31 62
Valley Rural Background 65 83 75 67 32 63

Table 4: Annual humber of ozone concentrations excesses of the threshold for human health (daily average computed
on 8 hours bigger than 120 ug/m®). European limits state that the threshold must not be exceeded for more than 25
days averaged over three years. ND stands for no available data. (ARPAE, 2015).

Table 5 shows the annual mean concentrations of PMy,. The mean concentrations obtained by
the city centre monitoring station are 10 % lower than the European limit, but higher than the
mean concentrations obtained by the East Po Valley and West Po Valley urban traffic measuring
stations. The mean concentrations obtained by the other monitoring stations in Bologna are 20
% lower than the European limit. The monitoring station called Giardini Margherita shows mean
values very close to the suburban background station, called via Chiarini. In the last two years,
Urban Traffic concentrations are decreasing, closing the gap with the other urban environments.

- 49 -



D1.4 Report on climate change and air quality interactions

SO
o | ISCAPE

Annual mean concentrations of PM; (ug/m3)

2010 2011 2012 2013 2014 2015
Giardini Margherita 24 29 26 19 ND 26
Bologna Via Chiarini ND 31 29 24 22 26
Porta San Felice 34 37 37 32 25 29
San Lazzaro 27 31 30 25 24 28
East Po Urban Traffic 30 34 33 28 25 25
Valley Urban Background 25 30 29 20 24 26
West Po Urban Traffic 36 40 40 33 31 36
Valley Urban Background 26 30 28 23 28 30

Table 5: Annual mean concentrations of PMso. Differences between urban traffic and background measurements are
shown. The European limit for PMjo annual mean concentrations is 40 ug/m3. ND stands for no available data.
(ARPAE, 2015).

Table 6 shows the number of days with PMy, concentrations exceeds 50 pg/m°. Table 6 shows
that the values measured by the Urban Traffic monitoring stations are higher than the European
limit, while the values measured by the other monitoring stations are near to the limit. As viewed
for concentrations, also daily exceedances are decreasing in all the environments.

No of days with PM;, concentrations exceeds 50 (ug/m3)

2010 2011 2012 2013 2014 2015
Giardini Margherita 29 42 33 10 ND 23
Bologna Via Chiarini ND 40 40 18 19 25
Porta San Felice 63 69 73 57 23 38
San Lazzaro 35 50 43 25 20 35
East Po Urban Traffic 48 60 63 41 29 48
Valley | yrban Background 38 47 49 26 23 33
West Po Urban Traffic 72 88 92 56 43 59
Valley Urban Background 47 61 61 35 28 40

Table 6: Number of days with PMo concentrations exceeds 50 ,ug/m3 (value not to be exceeded more than 35 times
per year). Differences between urban traffic, urban background and rural background measurements are shown. ND
stands for no available data. (ARPAE, 2015).

Table 7 shows the annual mean concentrations of PM,s. The mean concentrations in all the
monitoring stations are 5-10 % lower than the European limit, and almost equal one to another,
with the exception of Giardini Margherita which is slightly less polluted.
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Annual mean concentrations of PM,, s (ug/m?)

2010 2011 2012 2013 2014 2015

Porta San Felice 21 23 22 20 18 20

Bologna
Giardini Margherita 17 20 18 15 15 18
East Po | Urban Background 20 22 21 17 17 18
Valley Rural Background 19 22 20 35 17 19
West Po | Urban Background 22 25 24 20 16 21
Valley Rural Background 21 22 22 19 18 21

Table 7: Annual mean concentrations of PM;s. Differences between urban traffic, urban background and rural
background measurements are shown. The European limit for PM,s annual mean concentrations is 25 ug/m®
(updated to 2016). (ARPAE, 2015).

Traffic induced emissions play a key role in the distribution of pollutants in the city of Bologna
and, in general, inside the Po Valley. These could explain the high NO, concentrations at Porta
San Felice, and for the other urban traffic sites, with respect to the other environments. On the
other hand, PM,, concentrations at trafficked sites are not so higher than in the other
environments, suggesting a weak dependence of traffic flow and annual mean PMy,
concentrations. However, at daily scale, road traffic can induce PMy, concentrations, while on a
long-time-average this dependence is lost.

6.2.2 Effect of atmospheric warming on ozone concentrations

The fifth IPCC report (IPCC 2013) pointed out the mutual interconnection between air quality
and climate change. Different pollutants may contribute to climate change, enhancing or
reducing its intensity. On the other hand, a variation on climate features might improve or
deteriorate air quality on different regions on the Earth. Interactions can be multiple, with a high
degree of complexity. For the specific case of Po Valley, the most influent climate quantities are
temperature, humidity, precipitation and solar irradiance.

A precipitation decrease will inhibit the wet precipitation of pollutants, enhancing their
atmospheric concentrations. Long drought periods can increase the frequency of fires, and so of
the pollutants emissions related to them. The particulate excess will modify cloud cover and
composition. The soil water deficit will also support the heat transport and so convective
turbulence in boundary layer.

Climate change can also modify synoptic wind patterns; so, large scale distribution and
dispersion of pollutants may be influenced. For example, stagnation conditions in Mediterranean
Europe are favorited by those changes (Holton et al., 2012).
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Figure 20: Probability density functions (PDFs) of maximum temperature in Parma during summer. Dashed black line
represents the current climate, while colored lines are different models simulations of the same period (2021-2050).
(Chiesa, 2013.).

Temperature, humidity and solar irradiance are involved in most of the photochemical
processes, which contributes to ozone and particulates production (Chiesa, 2013). An increase
in global temperatures will enhance those reactions and the efficiency by which vegetation will
produce VOCs. On the other hand, vegetation may change with climate, as well as its VOC
productions. Moreover, a modification on vegetation morphology in the Po Valley can variate
surface wind patterns and so local boundary layer dynamics.

In the last decade, few different studies on maximum temperature projections have been
published (Tomozeiu et al., 2007; Tomozeiu et al., 2010; Villani et al., 2011), made with different
climatic models. Projections are specific for Po Valley, and represent summer maximum
temperature for the period 2021-2050. All studies confirm a 1.5-2 °C increasing trend, with
respect to the period 1961-1990, as shown in Figure 20. Temperature increase is mostly
associated with an augmented heat waves frequency and an increase in tropospheric ozone
concentration during summer.
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Figure 21: Scatter plot of observed daily maximum temperature and ozone 8-hours mean concentration for
summertime during the period 2001-2012. (Chiesa, 2013).

The correlation found with the observed data is also conserved in future scenarios (Figure 23).
Figure 21 shows a strong increase in ozone concentrations from 1961-1990 and 2001-2012
periods, following the maximum temperature enhancement (Figure 22). However, despite the
different temperature possible scenarios described in Figure 23 ozone concentrations
projections for the period 2021-2050 are close one to another and to the period 2001-2012.
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Figure 22: Ozone concentration distribution for both the periods 1961-1990 (dashed line) and 2001-2012 (solid line).
(Chiesa, 2013).
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Figure 23: Frequency distribution of daily maximum concentration of ozone in Parma during summer. Solid black line
represents the current climate. Colored lines represent climatic projections for the period 2021-2050. (Chiesa, 2013).
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6.2.3 Local wind patterns versus air pollution

The Po valley is in Northern Italy, widespread in the regions Emilia-Romagna, Veneto,
Lombardian and Piedmont, and is a semi-closed basin surrounded by Alps and Apennines
mountain chains and the Adriatic Sea. Here, surface winds are very weak, and strong
temperature inversion can be observed near the ground and in the boundary layer. Morgillo et
al. (2016) used clustering analysis to classify surface pressure patterns (SPPs) and local wind
patterns (LWPs) to investigate their relationship with local air pollution. The classification of
SPPs was performed in a domain covering the Alps region and Mediterranean basin, using as
input the time series of daily geopotential height at 500 hPa (Jan 1985-Dec 2014). LWPs was
carried out over the Po Valley, starting from hourly time series (Jan 2005-Dec 2014) of wind
speed and direction, observed at 10 m above the ground by 17 anemometers.

The resulting pressure classification consisted into nine SPPs covering the prevailing
geostrophic flux in the domain: 1) North-West; 2) North-West strong; 3) West weak; 4) flat; 5)
South-West strong; 6) North-North-East weak; 7) North-North-West strong; 8) South-South-West
weak; 9) West.

As for local wind patterns, nine prevailing surface wind in the domain have been found: 1) West;
2) North to North-West; 3) North-East, extended; 4) North-East, limited; 5) East; 6) S; 7) SE; 8)
incoherent; 9) SW.
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Figure 24: Monthly relative occurrences of daily synoptic pressure patterns (left) and local wind
patterns (right) (Morgillo et al., 2016).

As can be seen in Figure 24, the SPP1 (NW), SPP3 (W weak) and SPP4 (flat) were the most
frequent occurring direction during the year. Focusing on daily recurrences it is possible to
notate that SPPs are more persistent than wind regimes. Moreover, it is seen that SPPs and
LWPs seemed to have no strong connection, suggesting that local wind regimes in the Po Valley
are to some extent decoupled from the synoptic situation.

The coupling of wind and pressure patterns with concentration of PMy, Os, and NO, were
furthermore investigated. Measures of these pollutants were performed at 10 urban background
sites in Emilia Romagna for a 10-years period. In winter time, concentration observed seems to
follow the SPPs and LWPs change trend. On the other hand, during summer period, tendency
appeared more independent. If concentration were averaged over the entire year, the
seasonality of meteorological patterns dominates. PM;o and NO, have double concentration
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during winter LWP and SPP classifications than in the summer ones. Moreover, during winter
time they are generally associated with the same LWPs and SPPs O3 increases concentration
during LWPs from 5 to 9, which are typical of summer months.

Concentrating on PM, s chemical composition, time series data in the period November 2011 —
May 2014 was collected from an urban background site in Bologha (south-easterly Po valley).
To filter out the seasonality, the relative anomaly with respect to the monthly average is
considered. The results are summarized in Figure 25.
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Figure 25: Concentration anomaly of nitrate, sulfate, ammonium, elemental and organic carbon measured in the PM. 5
in a background site in Bologna, Italy (Nov2011-May2014). Letters relative anomalies, averaged for each Synoptic
Pressure Pattern. Vertical lines intervals of confidence of the mean. (Morgillo et al., 2016).

It was concluded that LWP2 (N) is associated to relatively high nitrates, while LWP7 (SE) and
LWP8 (incoherent) are linked with low nitrates and high elemental carbon. SPP6 (NNE weak) is
associated with low ammonium, nitrate and sulfate. SPP 7 (NNW strong) is correlated with low
sulfate and high elemental carbon; SPP8 (SSW weak) with high nitrate and sulfate
concentrations.

6.3 Bottrop (DE)

6.3.1 Air Quality

Air quality data for Bottrop (Statistisches Jahrbuch, 2014 and LANUV-Fachbericht 73, 2015) are
there compared to mean values for the Rhein-Ruhr region (Kurzfassung der Jahreskenngréf3en,
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2015). PMy, are only available for Bottrop so no comparison can be shown. There are no data of
PM, 5 for Bottrop.
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Figure 26: Map of the monitoring stations (dots) in Bottrop and in the Ruhr region. (European Environmental Agency,
2016).

Figure 26 shows the distribution of the monitoring sites in the Ruhr-Rhein region. Data are
reported in the following tables.

In the context of ISCAPE, Bottrop will access innovative technologies and use proven method to
develop a new concept of mobility and climate proof urban renewal. With this aim, the following
tables present baseline states for those pollutants for whom traffic is the main source in an urban
environment (NO, and PMyg), or it is relevant for climate change (Os).

Table 8 shows the annual mean concentrations of NO,. The mean concentrations for Bottrop
and the remaining region are almost identical, and 20 % lower than the European limit. There is
a slight decrease of concentrations with the years.

Annual mean concentrations of NO, (ug/m?)

2010 2011 2012 2013 2014 2015
Bottrop 29 29 28 27 27 26
Innovation-City _
Ruhr Rhein = Ruhr 30 28 27 27 26 26
Stations

Table 8: Annual mean concentrations of NO,. Differences between Bottrop and the Rhein-Ruhr region measurements
are shown. The European limit for NO, annual mean concentrations is 40 pg/m3.

Table 9 shows annual concentrations of Oz, computed as the annual averaged value of 8-hours
daily mean concentration. No information can be obtained from a comparison with the European
limit because it concerns the number of days in which the 8-hour mean concentration exceeds
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120 pg/m°. Although, concentrations are constant over the period, except for an increase in
2015.

Table 9: Annual mean value of maximum daily 8-hour mean Oz concentration. Differences between Bottrop and
Rhein-Ruhr region measurements are shown. The European human health threshold for O3 maximum daily 8-hour
mean concentration is 120 pg/m3.

Table 10 shows the annual mean concentrations of PM;y and the number of days with
concentrations exceeding 50 pg/m*®. The mean concentrations obtained by the city centre
monitoring station is 40 % lower than the European limit and the number of days with
concentrations exceeding 50 pyg/m?®is lower than 35, on average. Both concentrations and
exceedances are also in a small decreasing trend.

Table 10: Annual mean concentrations of PMip and number of days with concentrations exceeding 50 pg/m3. The
European limit for PM1 annual mean concentrations is 40 ug/m°.

6.3.2 Urban growth and population exposure

The Ruhr area has been chosen to investigate the impact of uncontrolled urban growth (sprawl)
on air pollution and associated population exposure (De Ridder et al., 2008, Part 1), and to
explore a different urbanization scenario (De Ridder et al., 2008, Part Il). The investigation is
performed throughout a coupled modelling system dealing with land use changes, traffic,
meteorology, and atmospheric dispersion and chemistry. Simulations are extracted from a
multistep process. In a first step, an overview is given of the establishment of satellite-based
digital land use, population, and employment density maps, and its subsequent coupling to a
traffic model.

Outputs of the latter has been used to estimate traffic flows and vehicle speeds on a road
network of the study area. In a next step, this information is used to calculate traffic emissions,
which are then combined with emissions from other sources (mainly industrial) to provide the
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overall emissions. The latter are then used as input into a transport-chemistry model, together
with simulated meteorological fields, and concentrations of relevant pollutants (ozone and
particulate matter) are simulated.

As shown in Figure 27, ozone and particulate matter simulations reflect the pattern of land use,
showing high PM;o values and relatively low ozone (owing to the titration effect) in the densely-
populated areas, where the emissions are high.
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Figure 27: Simulated local PM, (left) and O3 (right) concentrations in ,ug/m3, averaged over the simulation period (3
weeks). (De Ridder et al., 2008, Part II).

These simulated concentration fields represent a base case, used as reference scenario in De
Ridder et al. (2008, Part II).

The land use enhancement generates an increase of population in the region, and it
subsequently leads to an enhancement of energy consumption and traffic-induced emissions.
The traffic induced emissions growth by 16.7 % with respect to the base scenario. The simulated
changes in traffic intensities on all road segments were counted and expressed as per-day total
distances travelled by all cars (passenger and heavy), yielding an increase of 16.7 % for total
vehicle kilometres.

The calculation of emissions to the atmosphere is performed as done before in De Ridder et al.
(2008, Part 1), leading to an increase of PM, increase of 12 % with respect to the base scenario.
This is less than the 16.7 % simulated increase in total traffic kilometres, which is mainly
because traffic-related emissions do not constitute the total emissions. Also, ozone
concentrations show a growth, due to the temperature increase in urban sprawl condition. This
temperature increase was attributed to the increased share of built-up areas in the domain,
which convert incoming radiation to sensible heat rather than to latent heat (evaporation), owing
to the limited water availability of surfaces characterized by impervious materials. Apart from
being an indication of an enhanced urban heat island effect, this temperature increase also
affects photochemistry, hence ozone concentrations.
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Figure 28: Percentage change of PMyg (left) and O3 (right) concentrations between the urban sprawl scenario and the
base state, averaged over the simulation period. (De Ridder et al., 2008, Part II).

The combination of increased temperatures and altered emissions vyields the ozone
concentration pattern changes displayed in Figure 28, showing increased values (compared to
the base case) for a large portion of the domain. The simulated changes are highest in the
north-west sector of the domain, which is consistent with the prevailing south-easterly wind
direction during the simulation period. Concerning fine particulate matter (Figure 28), it is found
that concentration changes are small: about a few tenths of a pg m™3, despite a 16.7 % increase
of traffic kilometres.

Despite the emissions enhancement, the subsequent overall pollutant concentration changes
are relatively modest, and in good agreement with the urbanization development.

6.4 Dublin (IE)
6.4.1 Air Quality

Dublin city provides four sites monitoring air quality, as reported on the map (Figure 29).

Rathmines, Winetavern Street and Coleraine Street are situated adjacent to heavily trafficked
roads; Ballyfermot, Marino and Finglas are situated in a predominantly residential area; St
Anne’s Park and Phoenix Park sites provide background sites; Blanchardstown and Dun
Laoghaire are urban traffic and residential supporting sites respectively. Not all the pollutants are
measured in all sites.
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Figure 29: Map of Dublin city sites for air quality monitoring. Pink triangles indicate current monitoring sites; yellow
triangles indicate past monitoring sites. (Environmental Protection Agency Maps).

Measurements in Dublin provide an overview of traffic-related pollutants to have a framework for
setting up the experiment on vegetative boundaries. This is addressed to pollution exposure
reduction for pedestrians by engineering flow patterns and ventilation conditions in a high-
trafficked street canyon in Dublin.

Table 11 shows the annual mean concentrations of NO,. The mean concentrations obtained by
the city centre trafficked stations are 20 % lower than the European limit and higher than the
mean concentrations measured by the background sites. City centre stations also show a small
decreasing trend, while tendency at the background sites is hardly suggestable since the lack of
available data until 2012. The reason for the decrease in NO, concentrations could partly be due
to meteorological conditions (a predominance of wet and windy weather), as well as a decrease
in traffic numbers for the period, reflective of the downturn in the economy (O’Dwyer, 2015).
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Annual mean concentrations of NO, (ug/m?)

2010 2011 2012 2013 2014 2015
Winetavern St 35 34 29 31 31 31
Coleraine St 33 26 26 26 25 25
Ballyfermot 23** ND ND 16* 16 16
Dublin
St Anne's Park ND ND ND 12 12 13
Dun Laoghaire ND ND ND 16 16 16
Blachardstown ND ND ND 28 28 25

Table 11: Annual mean concentrations of NOz Different sites inside Dublin city are shown. The European I|m|t for
NO; annual mean concentrations is 40 ug/m ND stands for no available data. * data are collected from 15™ March
2013; ** data are collected until 30" September 2010. (Air Quality Monitoring and Noise Control Unit Annual Report).

Table 12 shows the annual mean concentrations of PMy,. The mean concentrations obtained by
the city centre trafficked stations are less than half of the European limit, and by the same order
of magnitude of mean concentrations measured at the background sites.

Annual mean concentrations of PM; ¢ (ug/m?3)

2010 2011 2012 2013 2014 2015

Rathmines 16 16 14 17 14 15
Winetavern St 19 14 13 14 14 14
Ballyfermot 13* ND ND 12 11 12

Dublin | St Anne's Park ND ND ND 19 17 15
Dun Laoghaire ND ND ND 17 14 13
Blachardstown ND ND ND 20 18 17

Phoenix Park 11 12 11 14 12 12

Table 12: Annual mean concentrations of PMlo Different sites inside Dublin city are shown. The European limit for
PMio annual mean concentrations is 40 ,ug/m ND stands for no available data. * data are collected until 10" October
2010. (Air Quality Monitoring and Noise Control Unit Annual Report).

Trafficked sites, as Phoenix Park, have constant trend, while again the other stations have
several missing data, so no trend is suggested. In city centre, traffic emissions are the main
source of PMyo, while in residential and background areas, emissions from residential solid fuel
combustion dominate. The equal concentrations measured in all sites is a benefit from the
increasing use of gas in place of solid fuel, more ecologic vehicles and a ban on the use of
bituminous coal, with the result that levels of PMy, are similar across all zones.

Table 13 shows the number of days with PM;q concentrations exceeds 50 pg/m3. Table 13
shows that the values measured are very lower than the European limit, suggesting that the
daily concentrations of PM;, have small fluctuations from the annual mean values for all the
sites.
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No of days with PM;, concentrations exceeds 50 ug/m3

2010 2011 2012 2013 2014 2015

Rathmines 3 10 3 8 3 5
Winetavern St 7 7 0 3 1 4
Ballyfermot 1* ND ND 3 2 3

Dublin | St Anne's Park ND ND ND 1 1 3
Dun Laoghaire ND ND ND 5 2 3
Blachardstown ND ND ND 11 5 9

Phoenix Park 1 3 0 3 0 2

Table 13: Number of days with PM1o concentrations exceeds 50 yg/m3 (value not to be exceeded more than 35 times
per year). Different sites inside Dublin city are shown. ND stands for no available data. * data are collected until 10"
October 2010. (Air Quality Monitoring and Noise Control Unit Annual Report).

Table 14 shows the annual mean concentrations of PM,s. The mean concentrations obtained by
the monitoring stations are less than half of the European limit, and also slightly decreasing with
time. Dublin level of PM, s concentrations fluctuates around the WHO guideline value of 10 ug/m.
Primary and secondary PM,s concentrations can come from a lot of different sources (e.g.
commercial, industrial and agriculture sector) and particulate-pollutant interactions, and usually
is a good indicator of human activity. Since Dublin PM, s measurement sites are in trafficked and
residential areas, the probable main contributor to the collected data comes from the residential
solid fuel combustion.

Annual mean concentrations of PM, s (ug/m?3)

2010 2011 2012 2013 2014 2015
Marino 10 9 8 9 8 8
Dublin | Coleraine St 12 11 10 11 9 9
Finglas ND ND ND ND * 8

Table 14: Annual mean concentrations of PM,s. Different sites inside Dublin city are shown. The European limit for
PM25 annual mean concentrations is 25 pg/ms. ND stands for no available data. * data are collected from 24"
February 2014. (Air Quality Monitoring and Noise Control Unit Annual Report).

6.4.2 Emission reduction policies

Dublin city studies about air quality in climate change inside the urban environmental are mainly
focused on the practicability of city policies. There are policies which will improve both air quality
and reduce greenhouse gas emissions, but there are also policies which will improve one but
make the other worse (Monks et al., 2009). The win-win policies generally involve measures
which reduce energy consumption and travel, or, at least in the latter case, encourage modal
shifts to forms of travel which use less energy per passenger and per kilometre. Energy
efficiency measures are the obvious place to start in implementing measures which improve

-63 -



O
D1.4 Report on climate change and air quality interactions
o | ISCAPE

both air quality and climate change, not least because the economy case is generally very
strong. Other win-wins involve increased use of non-combustion renewables like wind, tidal and
solar power.

Dublin city mainly focuses on greenhouse gases reduction, acting in energy, planning, transport
and waste management fields. Policies primarily focus on CO, and its emission reduction.
Studies from the Dublin City Council (DCC) suggest that CO, emissions in the city can be
divided between four major sectors: residential 32 %, services 23 %, manufacturing 20 % and
transport 25 % (Climate Change Strategy, 2008-2012). DCC’s strategy regarding Green House
Gases (GHGs) will cover the period 2008-2012 in the short term, but it also looks forward to a
medium-term view to 2020 and beyond. A brief description of the strategy is how presented for
each field of action.

In the energy field, policies deal with the incentives of renewable energies (solar, water and
biogas) and efficiency on public efforts. Public installation of solar panels has been completed
for existing buildings in specific neighbourhoods. In biogas field, the city is recovering the
methane that is naturally formed when sludge is treated and the methane gas is burned for
electricity production. Other 100kw electricity producer water turbine has been installed. Public
lights have been totally updated and modernized.

DCC started the Action Plan on Energy for Dublin to provide a framework for development in the
three sectors that contributes most to climate change in Dublin: the residential, the commercial
and the transport sectors. Over the past ten years, in the residential sector, an efficient gas fired
central heating has replaced the old solid fuel fires, with major benefits to both the environment
and quality of the living space. All new residential and commercial buildings require the energy
standard to be rated at least B1 from 2008 and A3 from 20009.

The delivery of the brown bin service to householders across the city is a key part of the waste
strategy. The service will divert organic away from landfill and thereby reduce the GHG
emissions. The separately collected material will be diverted to higher waste treatment solutions,
such as composting and anaerobic digestion, and provide for better resource efficiency.

Transport strategy focuses on the reduction of emission per person, working on the
implementation of walking routes in the centre, as well as bicycle lanes (160 km have already
been constructed). Another point is the facilitation for public transport: Quality Bus Corridors
(QBCs) have been implemented throughout Dublin. In autumn 2007 there were 13 QBCs routes
operating in the DCC area and more are planned. Measurements show that there is an 18 %
decline in cars on these routes.

In matter of traffic emission reduction Brady and O’Mahony (2011) proposed a study on the
possible impacts of electric cars in the city. They evaluate the potential reduction in road traffic
related emissions in Dublin under three different electric vehicle (EV) market penetration
scenarios by 2020. This studies support a 2008 announcement from the Irish Minister for
Transport of a target for 10 % of the private car fleet to be powered by electricity by 2020
(Dempsey, 2008), as a part of initiative to address issues of climate change and air quality. This
decision follows the publication of 2008 GHG emissions by source of the Environmental
Protection Agency (2009): it states that in 2008 transport in Ireland accounted for 21.3 % of
national GHG emissions.

As mentioned, Brady and O’Mahony use three different market penetration scenarios, named
‘high’, ‘medium’ and ‘low’. They found that, of all 226300 vehicles estimated in Dublin by 2020,
EVs will achieve 25 % market share in ‘high’ penetration scenario, 15 % in ‘medium’ and 10 % in
‘low’ (which is the most likely scenario). To make comparison, a Business as Usual (BAU)
scenario was investigated (no EV car on market).
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Table 15 presents both the estimated tailpipe emissions and the emissions due to electricity
generation for each of the scenarios investigated. The results show a net reduction in both CO,
emissions and tailpipe air pollutants. The results for the BAU scenario suggest that there will be
a significant reduction in CO, VOC, PM, NO,, and NO, emissions in 2020, without the
introduction of EVs to the fleet. These reductions can be attributed to the introduction of Euro 5
and 6 emissions standards and the retirement of older and higher pollutant emitting vehicles.
The introduction of EVs cause a further reduction in all road traffic related emissions, which is
smaller than BAU projection, for at least ‘medium’ and ‘low’ scenarios.

Pollutant 2010 BAU 2020 o5 Change from High % Change from Medium % Change from Low % Change from
2010 Scenario BAU 2020 Scenario BAU 2020 Scenario BAU 2020

Tailpipe

co2 337,102 317,700 -6 248,678 -22 282,316 -11 296,296 -7

Grid CO2 - - - 37,999 - 19,475 - 11,776

Net CO2 337,102 317,700 -6 286,677 -10 301,791 -5 308,072 -3

CH4 28,54 13,02 -54 11,38 -13 12,18 -6 12,51 -4

N20 5,24 7,03 34 4,42 37 5,69 -19 6,22 11

CcO 3.384,65 828,60 -76 713,85 -14 769,75 -7 792,99 -4

VOC 376,71 113,37 -70 94,26 -17 103,57 -9 107,44 -5

NOX 283,79 200,50 -29 148,80 -26 172,38 -14 182,19 -9

NO2 41,46 13,30 -68 13,16 -1 13,23 -1 13,25 0

PM2.5 29,93 21,30 -29 15,90 -25 18,53 -13 19,62 -8

PM10 42,31 35,12 -17 25,76 -27 30,32 -14 32,22 -8

Table 15: Emission results. All values are in tonnes (Brady and O’Mahony, 2011).

In conclusion, the results indicate that electric vehicles will have limited impact on climate
change and urban air quality for at least the next decade, because of the time required for
electric vehicles to acquire a significant share of the fleet. Nevertheless, the study supports
existing evidence that EVs can contribute to long term emissions reductions.

6.5 Guildford (UK)
6.5.1 Air Quality

Figure 30 shows the monitoring stations active in the Surrey county.

Framework measurements taken in Guilford are taken as starting point for studies on barrier on
air pollutants concentration and associated exposure under different vegetation and
meteorological conditions.

In Table 16 NO, concentration are shown for various measurement sites. In bracket is reported
the typology of the site. The last three lines are obtained throughout a mean of the same
typology sites. The mean concentrations obtained by the city centre monitoring station are close
to the European limit and higher than the mean concentrations obtained by urban and rural
background measuring stations. The difference between roadsides and backgrounds
measurements suggest an important contribution by the traffic-induced emissions to the total
amounts.
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Figure 30: Map of the monitoring stations (black dots) in Guildford and Surrey county. (European Environmental

Agency, 2016).

Since 2010 there are no more PMy,. As there have been no change to the road system in the
Guildford area, the Borough considers the current emissions not to be changed from the past.
Table 17 shows the annual mean concentrations of PMj, and the number of days with
concentrations exceeding 50 pg/m®. The mean concentrations obtained by the roadside
monitoring station are half of the European limit and the number of days with concentrations
exceeding 50 ug/m?is lower than 35.

Annual NO;mean concentration in Guildford region (¢tg/m3)

2010 2011 2012 2013 2014 2015
Guildford (Roadside) 39 42 39 38 31 38
Guildford (Urban Backround) 22 21 22 22 16 20
Surrey Compton (roadside) ND ND ND ND 40 29
county Urban Backround 19 16 19 18 16 17
Roadside 28 26 26 26 26 28
Rural Backround 17 13 13 14 14 13

Table 16: Annual mean concentrations of NO,. Different sites inside Dublin city are shown. The European limit for

NO; annual mean concentrations is 40 ug/ms. ND stands for no available data. (Guildford Borough Council, 2016).
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Past PM;q data in Guildford, Bridge Street (Roadside)

2006 2007 2008 2009
Annual mean concentrations (1g/m?) 23 30 24 24
No of f hourl f
oo excgedences of hourly mean o ; 07 1 .
50 png/m

Table 17: Annual mean concentrations of PMye and number of days with concentrations exceeding 50 pg/m3. The
European limit for PM1o annual mean concentrations is 40 pg/ms. (Guildford Borough Council, 2016).

No further data for air quality in Guildford are available. Following the indication of the Guildford
Borough Council (2016), a monitoring network for PM, s is not available, but there will be a plan
to simulate the distribution of this pollutant in the city to highlight the areas of major exposition
and potential damage for human health.

6.5.2 Surrey climate change strategy

There are significant economic, social and environment risks related to not acting to reduce
emissions and adapt to climate changes. The Surrey Climate Change Partnership (SCCP) has
commissioned a joint strategy to formulate a new and far reaching agreement for Surrey local
authorities. This strategy aims to provide a framework to effectively address climate change
across Surrey, and to take advantage of opportunities for Surrey from a low carbon economy.

The structure of the strategy is based on three core objectives:

e Reducing emission — The strategy is addressed to comprehend causes and ways by
which climate change affect Surrey area. The main emission sources, in this context, are
summarized in Figure 31.

0
24.5% 33.9%

[J Industry and Commercial

[ Domestic

W Road Transport

41.6%

Figure 31: Allocation of total CO, emissions in Surrey by source. (City of Surrey, 2009).

As pie chart (Figure 31) underlines, housing is the highest contributor of carbon
emissions in the Country, responsible for 42 %. This can be consequence of a significant
proportion of the housing stock was built prior to the adoption of sustainability standards
and recent Building Regulations requirements for energy performance. Industry and
commercial sector are responsible for 34 % of total emission. Public and private
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organizations are managing to reduce emission, both because of rising prices and
tougher economic conditions. Transport, accounting for 24.5 % of CO, emissions,
reflects the affluent, rural nature of the County where car ownership is higher than the
national average. Recognizing the critical importance of an effective transport network,
the plan aims to improve highways network management and maintenance, reducing
congestion and helping containing emissions.

Sustainable new development is included too, since it represents an important
opportunity to provide low carbon solutions. London Fridge covers most of Surrey and,
according to South East Plan, it must undergo a requalification of previous developed
land and buildings within urban areas. The purpose of the plan in this section is to ensure
that new and refurbished development achieves sustainable levels of resource use and
reduces greenhouse gas emissions.

Resources use is of crucial importance to reduce operational costs as the price of utilities
and cost of waste disposal escalate. For instance, the County’s reliance on landfill is
identified as a major issue that must be focused on waste minimization and recycling
policies. Renewable energetic resources are going to be financially affordable and
technologically viable for widespread adoption and environmentally acceptable. On the
other hand, Surrey has several examples of installed renewable technologies to offer a
low carbon solution for the future.

Adaptation — Defines our ability responding to climate change, which found vulnerable
the County in several cases (e.g. 2000 floods and 2003 heat waves). The problem can
be hindered through a series of risk management actions:

1. Prevent: reduce the probability of an impact or change occurring;

2. Prepare: understand the climate risk or opportunity;

3. Respond: actions taken to limit the consequences of an event;

4. Recover: rapid and cost effective action to return to a normal;

Raising Awareness — Our understanding of the problem determines how we deal with
the climate change and its issues. It is crucial, therefore, to inform, engage and involve
all parts of the County. The strategy plans several actions, such as:

1. Public awareness: raise awareness of climate change with public community
and partnership organizations and businesses. Ad-hoc communications
campaign are implemented targeting specific neighborhood, such as article in
local press or magazines, saving weeks’ initiatives and stalls at market;

2. Educational awareness: promote awareness and embed principles throughout
Surrey’s educational system. Route chosen for this purpose are embedding
climate change learning within local curricula and adopting low carbon and
energy efficiency measures in the education facilities.

-68 -



O
D1.4 Report on climate change and air quality interactions
o | ISCAPE

6.6 Hasselt (BE)
6.6.1 Air Quality

Air quality data for the city of Hasselt taken alone are not available. However, mean annual
concentrations for the whole Flemish region is reported. Measurement sites distribution is shown

in Figure 32.
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Figure 32: Map of the monitoring stations (dots) in the Flemish region. (European Environmental Agency, 2016).

Air quality data in this section will account for a general overview of pollution level in the Flemish
region. In the context of iISCAPE, it can be used as a baseline refence to test different responses
such as changes in transport modes, frequency of trips, adaptations which are required to make
the broader activity pattern consistent with the change (i.e. increase of out-of-home social
activities or an increased use of cars).

Table 18 shows the annual mean concentrations of NO, Oz, PM,s and PMj,. The mean
concentrations obtained for NO,, and PMyy are 25-30 % lower than the European limit, while the
PM, s annual mean concentrations are half of the European limit. No information can be obtained
from a comparison with the European limit because it concerns the number of days in which the
8-hour mean concentration exceeds 120 pg/m°. This number should not exceed 25 days,
averaged over three years. Apart from PM, 5, concentrations show decreasing trends.
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Annual mean concentration in Flemmish region (ug/m?3)

2010 2011 2012 2013 2014 2015
NO, 29 29 28 27 26 ND
03 40 37 20 15 20 ND
PM,, 33 32 30 28 28 ND
PM, - 12 8 11 10 10 ND

Table 18: Annual mean concentrations of NO2, Oz, PM2s and PMyg in the Flemish region expressed in ug/m3. The
European limit for both PMjo and NO, annual mean concentrations is 40 ug/m3, for PM2s is 25 ug/ma. O3 data
represent the annual mean value of the maximum daily 8-hour mean concentration, which limit for human health is
120 ug/m3 (not to be exceeded for more than 25 days averaged over three years). Data for 2015 are not already
available. (Flanders Environmental Agency, 2014).

6.6.2 Measure for air quality improvements

One way to lower pollution level in cities is to move traffic from a ring road into a tunnel, as
proposed in the city of Antwerp, in Belgium (Van Breusselen et al., 2016). The proposal aims to
put the entire urban ring road into a tunnel and to filter the outgoing air pollution. Comparing to
the existing “open air ring road”, the project predicts changes between -1.5 and +2 pg/m? in
PM, s within 1500 meters from the ring road. For NO, a loss between -10 and +0 .17 pg/ms. The
calculation emissions arise from daily traffic volumes, from which hourly output for pollutants are
generated. Species simulated are NO,, NO,and PM; s, which includes exhaust and non-exhaust
emission. On the other hand, even after filtering, a tunnel ring road displaces a lot of traffic
emissions from the ring road close to the densely-populated city centre to the tunnel exits.
Therefore, elevated annual concentration differences of PM;s and NO, can be seen on the
maps near the exits of the tunnel complex and partly also at the motorway exits (Figure 33).

Policies can be put into practice to reduce emission too. As instance, it is possible to organize
city traffic, coordinating traffic lights stop with vehicles movement or regulating entries in the city
(Guijt and Dijkema, 2015). A Low emission zone (LEZ) is an area where only vehicles with an
emission class below a certain limit can enter. In 2009 a LEZ was implemented in city of
Amsterdam, and in 2015 it was proposed again in the City of Antwerp. Prevision are made to
foresee air quality effects in Antwerp, because it is still ongoing. In 2020, it is estimated that
PMj, and PM,s will be reduced with 69 % and 41 % respectively. NO, is expected to show a
reduction of 12 %. This LEZ zone influenced traffic-related air pollutants with a decrease of 4.9
% for NO,, 5.9 % for NOy, 5.8 % for PM;o and 12.9 % for elemental carbon.
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Figure 33: PM, 5 and NO, differences of scenario RL-F (filtered tunnelled ring road) with the basic scenario (open air
ring road). (Van Breusselen et al., 2016).

Other strategies to reduce traffic-related pollution is to act regulating traffic in city with
specifically sequencing traffic lights such those planned in Leicester City. This sequencing
system is thought to have less and smarter stages. This strategy aims to reduce journey times
and improve bus services, which results in a faster traffic flow for the city, especially for the
congested Glenhills Way junction.

For the pollutant reduction, it is furthermore possible to act on public transport and pollution
awareness in general. The region of Haarlem-lJmond, is provided with a clean bus tender: a
public transport with less emission of NO,, particulate matter and soot. London is instead the city
where the pilot project “Cleaner Air Champions” takes place. This measure recruits local
residents in Hackney, Havering and Redbridge. These volunteers were trained and supported to
raise awareness of local air quality issues within their communities and actions. This target is
conducted through actions like anti-idling campaigns, information talks, led walks and rides.

As for others initiatives, these last presented measures are discussed in work groups. The
proposals who succeed turn out to be primarily related to a system which encourages
inhabitants to take interest and cooperate. At downside, the weakness stressed arise from the
newness of initiatives: the sequencing lights could move traffic to other part of the city, the clean
air bus tender has no noise pollution countermeasures and the “Cleaner Air Champion project”
must deal with volunteers limited time and resources.
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6.7 Vantaa (FI)
6.7.1 Air Quality

Vantaa belongs to the Helsinki Metropolitan Area, defined as the municipalities of Helsinki,
Vantaa, Espoo and Kauniainen (Figure 34). The Helsinki Region Environmental Services
Authority (HSY) monitors the air quality at 11 monitoring stations within the metropolitan area.
Four of these sites have been chosen: Mannerheimintie (busy city centre of Helsinki),
Makelankatu (Street canyon), Kallio (residential area), Tikkurila (busy district centre of Vantaa)
and Luukki (rural site). In addition, the Helsinki Urban Boundary-Layer Atmosphere Network
(UrBAN) is a research network to study the physics of the urban micro-climate in Helsinki (Wood
et al., 2013).
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Figure 34: Map of the Helsinki Metropolitan Area with air quality measurement stations (European Environmental
Agency, 2016).

The chosen stations will cover a large part of Helsinki region and different land use. In the
following tables, annual mean concentrations and numbers of threshold exceedances are
reported.

In the context of iISCAPE, Vantaa will access different green passive cooling system and find out
different benefit’'s options both in current and future climate. The following tables will provide an
overview of different environment in the Helsinki Metropolitan Area, by which the most pollutant
areas are highlighted, and find what kind of intervention have to be considered with respect to
the different distributions of pollutants.

Table 19 shows the annual mean concentrations of NO,. Only the monitoring station called
Mannerheimintie shows values close to the European limit, while the other data are lower than
the European limit. Moreover, they are all decreasing trends, suggesting an intervention by local
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authority with an improvement of the public health conditions. A high rate traffic-induced
emissions probably account for the differences between the busy city centre of Helsinki,
Mannerheimintie, and the smallest city of Vantaa and the residential area of Kallio. The rural site
of Luukki is almost free from NO, pollution.

Annual mean concentrations of NO, (ug/m?2)

2010 2011 2012 2013 2014 2015
Tikkurila 30 28 25 27 25 21
Helsinki Mannerheimintie 41 39 37 37 36 32
region Kallio 23 20 20 20 20 18
Luukki 8 7 7 5 6 4

Table 19: Annual mean concentrations of NO,. Differences between urban traffic and background measurements are
shown. The European limit for NO, annual mean concentrations is 40 ug/ms. (Helsinki Region Environmental Services
Authority).

Table 20 shows the annual mean concentration for ozone, calculated with 8-hours daily mean.
No information can be obtained from a comparison with the European limit because it concerns
the number of days in which the 8-hour mean concentration exceeds 120 pg/m?®. This number
should not exceed 25 days, averaged over three years. The highest concentrations are
measured in the rural site of Luukki, but the residential of Kallio is close. This is expected since
emissions from rural wet soil, as well as consequence of agriculture and livestock, is an
important component of the total ozone concentration in a wide region. As expected from the
ozone formation cycle, Oz maximum concentrations correspond to NO, minimum, and vice

versa.
Annual mean concentrations of O3 (1g/m3)
2010 2011 2012 2013 2014 2015
Tikkurila 44 45 45 47 ND ND
Helsinki Mannerheimintie 39 40 39 39 35 41
region Kallio 48 50 48 52 46 18
Luukki 51 55 52 55 50 49

Table 20: Annual mean value of maximum daily 8-hour mean O3 concentration. Differences between urban traffic and
background measurements are shown. The European human health threshold for O3 maximum daily 8-hour mean
concentration is 120 ug/m3 (not to be exceeded for more than 25 days averaged over three years). ND stands for no
available data. (Helsinki Region Environmental Services Authority).

Table 21 shows the annual mean concentrations of PM3,. The mean concentrations obtained by
all the monitoring stations Tikkurila and Kallio are more than a half lower than the European limit,
while those measured by the monitoring station called Mannerheimintie are 35 % lower than the
European limit. As said for NO,, also PM;y concentrations are probably affected by traffic
emissions, at least for the case of Mannerheimintie. However, the traffic emissions produce no
difference between Vantaa and a residential site such as Kallio, despite NO, concentrations are
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different. A possible explanation can come from the diverse rate of improvement on emissions
reductions for gases and particulates, with an advantage for the second ones.

Table 21: Annual mean concentrations of PM1o. Differences between urban traffic and background measurements are
shown. The European limit for PMjo annual mean concentrations is 40 pg/m3. (Helsinki Region Environmental
Services Authority).

Table 22 shows the number of days with PM;, concentrations exceeds 50 pg/m>. It shows that
this number is always lower than the European limit, close to zero for the values measured by
the monitoring station Kallio, but it is starkly higher and variable in a trafficked environment such
as Mannerheimintie.

Table 22: Number of days with PM1o concentrations exceeds 50 ug/m3 (value not to be exceeded more than 35 times
per year). Different sites are shown. (Helsinki Region Environmental Services Authority).

Table 23 shows the annual mean concentrations of PM,s. The mean concentrations obtained by
all the monitoring stations are lower than half of the European limit. There are not distinctions
between different environments. Concentrations are also beneath the WHO guideline for human
health (10 pg/m?®): this is both an indicator of healthy conditions, also in the busiest areas, a
moderate human impact on the environment.
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Table 23: Annual mean concentrations of PM; 5. Differences between urban traffic and background measurements are
shown. The European limit for PM2s annual mean concentrations is 25 ug/m°. (Helsinki Region Environmental
Services Authority).

Table 24 shows the number of days with PM, s concentrations exceed 25 pg/ms. Table 24 shows
that this number is always lower than 5, for the years 2012-2015 and amply decreasing with
respect to the previous two-years period, leading to more healthy conditions mainly for the
Helsinki city centre inhabitants.

Table 24: Number of days with PM,s concentrations exceeds 25 yg/m3 (WHO threshold). Different sites are shown.
(Helsinki Region Environmental Services Authority).

6.7.2 Long term trend in NO, emissions

Ozone ground-level concentration and vegetation exposure in Finland are here presented, both
observed in the recent decade and estimated for the period 1900-2100. The estimation is
achieved through a chemistry-transport model: the SRES (Special Report on Emissions
Scenarios) scenarios of the Intergovernmental Panel on Climate Change and emission
inventories (Laurila et al., 2004).

Figure 35 shows concentrations of NO, in Finland and in other country around Baltic sea, since
NO, the precursor ozone is most sensible to (Simpson et al., 1997). This trend is not linked to an
equivalent decrease of ozone concentration (figure not shown).
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Figure 35: Annual NO, emissions in some countries around the Baltic Sea (Laurila et al., 2014).

6.8 A brief comparison

Having delineated the broad overview about air quality, research and policy foci of the ISCAPE
cities, this section brings some information together to form a general picture. It is only a
qualitative summary of the situation in the target cities, to understand general long term
differences between them. Bottrop and Hasselt in general are only indicative for the city
behaviour while the other cities have a more detailed structure, because there are much less
available data (e.g. there is only the temporal evolution of pollutants, while the other cities have
also spatial distribution). So, it is not intended as a comparison between two sites uncertainty,
but just as a representation of spreading of their measures.

Bologna has the highest value of NO, annual mean concentration, almost 40 ug/m® (very close
to the European limit). Values for the other cities fall in a range between 20 and 30 ug/m®. A
possible explanation for this big gap between Bologna and the other cities can be the
geographic locations. Po Valley is a basin where pollutants flow into coming from different part of
North Italy, and stagnate. Also, typical condition of thermal inversion contributes to the
stagnation of pollutants at surface, suppressing the air recirculation. These suggestion is
confirmed by the analysis of the other pollutants, where Bologna has always the higher
concentrations. Traffic seems to be an important source of localised NO,, so a big city like
Bologna can be more affected by these kinds of emissions with respect to smaller centres like
Hasselt or Guildford. On the other hand, comparable cities like Helsinki or Dublin can also be
affected by the vicinity of the sea, which can mitigate the effect of pollutant stagnation thanks to
breeze circulation.

Vantaa and Bologna have the highest values of Oz concentrations, while Hasselt has the lowest.
Vantaa is also the only city where Os; and NO, concentrations are inversely proportional:
trafficked roads have high concentrations of NO, and poor ones for Oz, while in rural areas the
situation is overturned. These conditions suggest no other compounds interested in the ozone
cycle, have sensible concentrations. In fact, considering only the possible photochemical
reactions between O3 and NO,, an increase concentration for the first corresponds to a decrease
for the second, and vice versa. In a real atmosphere, other compounds (e.g. VOCs) participate
in the formation/destruction of ozone.

Bologna and Hasselt have the highest values of PM;q annual mean concentration. Trafficked
environments play a key role for Bologna, enhancing the mean value for the city. Vantaa and
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Dublin seems to have the strongest policies on trafficked-induced emissions and residential
heating systems reductions, since their concentrations are the lowest.
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Figure 37: Comparison between annual mean concentrations of PM, s and PM;o within and between target cities.

Bologna has the highest values of PM,s annual mean concentration, twice the values of the
ones shown by the other cities. Apart from Bologna, PM, s concentrations remain beneath the
WHO guideline for human health (10 pg/m?®averaged over one year), which is a good indicator
for the liveability of a city. Reduction of emission in Bologna has to become the priority, despite
the obstacle represented by the number of ways by which PM, s can be produced.

Figure 37 shows the comparison, for each city, between concentration of PM;q and PM,s. Where
both measures are available, the percentage of the rate PM,s/PMy, is also shown. Bologna and
Dublin have the highest percentage of PM,s/PMj, annual mean concentrations, while Hasselt
and Vantaa have the lowest.

6.9 Outlook: green infrastructure as examples of
mitigation and adaptation options

The information reported above serves as starting point for the future deployment of PCSs within
iISCAPE. Central within iSCAPE is the role of green infrastructure as ways that to mitigate and/or
to adapt to climate change to reduce urban air pollution. We recall that green infrastructure is
being considered in the Living Labs of Vantaa, Guilford and Bologna. Literature is extensive but
somehow fragmented. As classical example, we briefly discuss the role of green roofs. These
are the most typical examples being used within the climate modelling community.

Green roofs are roofs that are partially or (almost) completely covered by vegetation as a result
of planned action rather than as a result of negligence. Green roofs are an increasing feature of
cities’ urban planning tool set. Local adaptation plans around the world list green roofs as a tool
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for both storm-water management, attenuation of urban heat-island effect and improving air
quality, as is done in adaptation plans of e.g. Vancouver, Copenhagen, London, Melbourne,
Singapore, Chicago and Barcelona (see Copenhagen, 2015, for a review and links to adaptation
plans). Green roofs also decrease the energy consumption in buildings (e.g. Berardi et al. 2014).
They are identified as a valuable strategy to make buildings more sustainable, and increase
urban green in cities while avoiding the negative effects of lowering population densities.

Green roofs improve the air quality in cities by absorbing air pollutants. Tan and Sia (2005)
found that levels of fine particles and sulphur dioxide decreased by 6 % and 37 % in the
immediate air-space after a green roof was installed. Currie and Bass (2008) estimated that 109
ha of green roofs in Toronto could remove about 8 tons of air pollutants per year. In economic
terms, the effect of removing fine particles is by far the most important aspect of pollution
removal. In a cost-benefit analysis of green roofs (Nurmi et al. 2016) it was found that that at
least 95 % of the air-quality benefits can be attributed to the removal of particulate matter, which
is around 7 % of the installation cost of a green roof. Inclusion of other benefits, such as
increased lifespan of the roof and storm-water management, usually results into positive net
benefits, making green roofs a viable solution in urban areas from economic perspective.
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7 Summary on air quality and climate change

The problem of air pollution in urban areas has a high degree of complexity; the challenges need
to be addressed given that but high level of pollutant concentration impact on human health, and
has direct bi-directional influence on climate change. Complexity is intrinsic in the urban
environment; inhomogeneous features inside the city (e.g. street canyons, parks, beltways, etc.)
are impacting upon local ventilation which in turn determines local pollutants distributions.
Inhomogeneity also arises between different cities, mainly in terms of buildings and green areas
distribution, geographical location, mean meteorological patterns. This inhomogeneity leads to
different distributions and concentrations of pollutants, and so the best and most cost-effective
policies to improve air quality can be diverse. For instance, Bologna is located in the Po Valley,
where local meteorological and geographical conditions are less favourable to the dispersion of
pollutants with respect to cities at sea side, which benefit from breezes influence. In broad
sense, air quality is generally better in Northern Europe: the presence of widespread basins or
the influence of sea breezes mitigate the stagnation effect which leads to higher pollutant
concentration in surrounded basin and industrial areas.

At a local scale, pollutant concentrations have different impacts due to meteorological,
geographical and structural features of the single city, but also as a result of local air quality
policies. In general traffic-induced emissions (NO, and PMj,) have an influence on total
concentration at street level, but not at urban scale. Residential heating systems also contribute
again at street level, but its signal is weaker. Two pollutants, NO, and PM;o have a dependence
on emissions at the street scale, while PM, s is more homogeneous in the urban environment.
Concerning the risks on human heath connected to exposure to high level of PM, 5 has led to a
decrease and an adjustment of concentrations at WHO suggested level for human health which
is stricter than the European limit. Only Bologha, among the target cities requires to improve its
efforts to mitigate the PM, s concentrations. Ozone concentrations inside the urban environment
seems to be influenced by the distribution of its precursors (NOy, and VOCs on top), but in
general it is quite homogeneous at the city scale. In rural areas ozone concentrations sensibly
grow, supported by favourable conditions. In the context of iISCAPE, single city analysis will be
used as a reference baseline to undertake the different activities of each living lab, as suggests
in the previous section.

The review on the influence of air pollution on climate change has highlighted three different
climatological variables which interact the most with pollutants: surface temperature,
precipitation and sea level pressure. Global and regional model simulations have indicated that
the European region is projected to undergo a warming much larger than the global average.
Temperature scenario is coupled with precipitation pattern projection and they facilitate an
increase in pollutants such as ozone due to increased biogenic emissions and photochemical
rates and reduced wet removal. Changes in meteorological variables can modify global sea level
pressure patterns, with consequences on local circulations and distribution of air masses. In the
end, climate change induced by enhanced pollutant emissions will in turn increase pollutant
concentration. So, a positive feedback is established, leading to an intensification of climate
changes in those regions highly affected by pollution.

All the described interactions take place at large scale; development at urban scale is yet to be
investigated in the forthcoming future to verify or dismiss the large-scale trends. In the context of
iISCAPE we have the possibility to study the climate impact at urban scale and its expected
changes, with the aim of enhancing the liveability of our cities.
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8 Appendix A: Air Quality Standards (European
Commission, 2017)

Humans can be adversely affected by exposure to air pollutants in ambient air. In response, the
European Union has developed an extensive body of legislation which establishes health based
standards and objectives for several pollutants in air. These standards and objectives are
summarised in the table below. These apply over differing periods of time because the observed
health impacts associated with the various pollutants occur over different exposure times.

Pollutant Concentration A\I/Dera}glng Legal nature Exceeding
eriod per year
Target value entered into force
Fine particles o 1.1.2010
(PM_5) 25 pg/m 1year Limit value enters into force n/a
1.1.2015
3 Limit value entered into force
Sulphur 350 pg/m L hour 1.1.2005 24
dioxide (SO,) 3 Limit value entered into force
125 pg/m 24 hours 1.1.2005 3
3 Limit value entered into force
Nitrogen 200 pg/m 1 hour 1.1.2010 18
dioxide (NOy) 3 Limit value entered into force
40 pg/m 1 year 1.1.2010* n/a
3 Limit value entered into force
50 pg/m 24 hours 1.1.2005% 35
PMio — .
40 ug me 1year Limit value entered into force n/a
1.1.2005**
Limit value entered into force
1.1.2005 (or 1.1.2010 in the
3 immediate vicinity of specific,
Lead (Pb) 0.5 ug/m 1 year notified industrial sources; and n/a
a 1.0 pg/m3 limit value applied
from 1.1.2005 to 31.12.2009)
Carbon Maximum - .
monoxide 10 mg/m® daily 8- Limit value entered into force n/a
1.1.2005
(CO) hour mean
Benzene 5 ua/m? 1 vear Limit value entered into force n/a
H9 y 1.1.2010**
Maximum 25 days
3 daily 8- Target value entered into force averaged
Ozone 120 pg/m hour 1.1.2010 over 3
mean years
. 3 Target value enters into force
Arsenic (As) 6 ng/m 1 year 31.12.2012 n/a
Cadmium 5 na/m? 1 vear Target value enters into force n/a
(Cd) 9 y 31.12.2012
Nickel (Ni) 20 ng/m® 1year Target value enters into force n/a

31.12.2012
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Polycyclic
Aromatic
Hydrocarbons

1 ng/m®
(expressed as
concentration of
Benzo(a)pyrene)

1 year

Target value enters into force
31.12.2012

n/a

*Under the new Directive the member State can apply for an extension of up to five years (i.e.
maximum up to 2015) in a specific zone. Request is subject to assessment by the Commission.
In such cases within the time extension period the limit value applies at the level of the limit
value + maximum margin of tolerance (48 pg/m? for annual NO, limit value).

**Under the new Directive the Member State could apply for an extension until three years after
the date of entry into force of the new Directive (i.e. May 2011) in a specific zone. Request was
subject to assessment by the Commission. In such cases within the time extension period the
limit value applies at the level of the limit value + maximum margin of tolerance (35 days at 75
ug/m? for daily PMy, limit value, 48 pug/m? for annual PMy, limit value).

***Standard introduced by the new Directive.
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